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Preface 
Data on growth and development have been accumulating in this College 
and Station during the past twenty odd years. Much of the data has accumu-
lated as a by-product of other investigations. Thus, the growth data on swine 
and dairy cattle accumulated largely as a result of the desire to determine the 
most economical age for breeding these animals. Data on growth of cattle, 
horses, and swine accumulated as a result of the desire to determine the most 
economical ration for growing farm animals. The primary object of these 
investigations was in most cases to solve practical problemss; the data on 
growth, to a considerable extent, accumulated incidentally. 
However, the feeling has been gaining ground that the phenomenon of 
growth is of su_fficient importance to the agricultural industry to merit investi-
gation on its own account. Moreover, developments in modern urban industry 
have amply demonstrated the fact that the most valuable practical applica-
tions have not always resulted from investigations having practical objectives, 
and that it may perhaps be legitimate to undertake an investigation even if 
the practical benefits that may result therefrom are not entirely clear. With 
these considerations in mind, it was decided to correlate our several growth 
projects, which were carried on primarily for the purpose of solving certain 
practical problems, into growth projects to be carried on primarily for the 
purpose of obtaining a better insight into the phenomenon of growth and of 
formulating quantitative "laws" of growth, especially as they relate to farm 
animals. Such an attitude does not, of course, imply a disregard of applica-
tions; it merely represents a change in emphasis. 
By the way of a beginning in this integrated growth project, it was decided 
to bring together the quantitative data on growth already available in this 
College and Station, to supplement these data with other obtained in this 
Station and elsewhere, and to interpret the data. It was felt that this task 
of compiling, obtaining, and interpreting the data could be best accomplished 
by a responsible committee on growth with representatives from each of the 
four departments constituting the Animal Industries Division of the Station. 
Accordingly, Dean and Director F. B. Mumford appointed a growth committee 
to take charge of this integrated project. The present bulletin, the first* 
fruit of this integration, presents quantitative data on growth of farm animals, 
makes some reference to growth data of laboratory animals, and presents a 
bibliography listing references more or less related to the present work. Several 
other bulletins in this series, some of which are published simultaneously with 
this bulletin, present interpretations of these data from one point of view and 
by one method. The committee, of course, hopes to have additional data and 
··-·· other interpretations which will be published as they are completed. 
*A preliminary compilation of data was presented in Rea. Bul. 612. 
While as an agricultural institution, this Station and College is primarily 
interested in farm animals, it is obvious that the phenomenon of growth, which 
is the principal theme in this project, is not a peculiar characteristic of farm 
animals. We did not, therefore, hesitate to include in our discussion and 
bibliography, references to growth of other animals and even to plants. 
The Growth Committee 
Samuel Brody (Chairman) 
A. G. Hogan (Agricultural Chemistry) 
H. L. Kempster (Poultry Husbandry) 
A. C. Ragsdale (Dairy Husbandry) 
E. A. Trowbridge (Animal Husbandry) 
ABSTRACT. Data are presented on age changes (principally growth in 
weight) in domestic animals (cattle, horses, sheep, swine, poultry.) In the 
se<:tion on dairy cattle, special attention is given to age changes in milk secretion. 
A brief discussion is presented on the literature of growth of laboratory animals 
(rabbits, guinea pigs, rats, mice.) A fairly complete bibliography on growth and 
senescence is included. 
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INTRODUCTION 
F. B. MuMFORD 
The phenomenon of growth in the domestic animals is one of great in-
terest and importance. The productive life of domestic animals is very short. 
This period of productivity ends, in the case of most domestic animals, before 
maturity or while the animal is still actively growing. The objective of the 
breeder of domestic animals is to develop the qualities in these animals 
valuable to man in the shortest period of time and at the lowest cost of food 
and labor. 
Growth and development take place most rapidly in the young animal. 
The tendency in livestock production is to market younger and younger 
animals. This is especially true of all meat animals. For this reason, breeders 
have for many years selected animals that possessed the quality of early 
maturity. It is obvious that any contributions to our knowledge of growth 
and development will be of advantage to the breeder of domestic animals. 
It is especially important that the producers of livestock, and particularly 
the breeders of improved domestic animals, should have knowledge of what 
constitutes normal growth under normal conditions. 
The purpose of research is to establish laws and principles which are of 
universal application. The growth data recorded in this bulletin have been 
examined with reference to their possible value in formulating "laws" of 
growth. Such generalizations, if established, would be of particular value 
to investigators and might be useful to practical breeders. 
The treatment of these data with reference to this purpose will be found 
in Research Bulletins 97 to 99 and 101 to 106 of the Missouri Experiment 
Station. 
The Missouri Agricultural Experiment Station has for many years been 
investigating the influence of environment on growth and development in the 
domestic animals. The data which have accumulated have never been brought 
together in one publication, nor has attempt before been made to interpret the 
data with a view to determining the importance of this material in connection 
with a study of the more fundamental aspects of growth and development. 
This publication is an effort to place in a permanent form the results of 
growth studies with several different types of animals, to make some inter-
pretation of these data, and to include a bibliography of the principal sources 
of information on growth and development. 
GROWTH AND DEVELOPMENT 
With Special Reference to Domestic Animals 
I. Quantitative Data 
Growth and Development of Dairy Cattle 
The data presented in this section are grouped under two headings: 
I. Weight growth and linear growth; and II. Age and other time changes 
in milk secretion. 
I. WEIGHT GROWTH AND LINEAR GROWTH 
A. c. RAGSDALE, E. c. ELTING AND SAMUEL BRODY 
1. Prenatal Growth.-Very little data on prenatal growth in weight are 
available. (See, however, Hammond, 1926.) However, data on the course 
of increase in weight of gestating cows have been collected systematically 
at this Station during the past six years, and the results may give some 
indication concerning the course of prenatal growth. These data are pre-
sented in Table 1 and in Figs. la and lb. 
In Fig. la the weights of the gestating cows were plotted against time 
after breeding, on coordinate paper. In Fig. 1 b, the weights gained above the 
breeding weight (indicated by B. W.) were plotted against time on arithlog 
paper (the interpretation of the shapes of curves on arithlog paper is discussed 
in the third bulletin of this series, Mo. Res. Bull. 97). Attention is called to the 
break in the curve between five and six months. 
Theoretical considerations (discussed in the third and fourth bulletins 
of this series, Missouri Research Bulletins 97 and 98) suggest that the break 
in the gestation curve in Fig. 1b between five and six months may have some 
significance. Figs. 2a and 2b, representing respectively, the course of basal 
metabolism and the course of change in the composition of the mammary 
secretion in a gestating goat, are of interest in this connection as indicating 
changes in the slope of the curves at times in the period of gestation in the 
goat corresponding to the sixth month in the dairy cow. 
It must be noted, however, that changes of slopes in time curves of lacta-
tion are often brought about without any evident cause. Thus we milked a 
dry non-pregnant cow for 70 days and succeeded in obtaining only a few 
drops of milk at a time. On the 70th day, however, there was a sudden increase 
in the slope of the curve so that on the 80th day the yield was 320 cc. On 
the 200th day there was a sudden decline in yield so that at 240 days the 
quantity of milk was again reduced to a few drops. This is shown in Fig. 3a. 
Fig. 3b shows a similar situation for a cow which, however, was bred 110 days 
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after the initiation of the milking observations. Fig. 3c represents the results 
obtained on milking a virgin heifer. Fig. 3d represents the results obtained on 
beginning to milk "dry" cows, two months before calving. (The gestation 
period in dairy cows is about 282 days or 9.4 months.) We have no explana-
tions to offer for these changes in slope and we are presenting the results 
merely to indicate the fact that while the change of slope in Fig. 2b may have 
significance in connection with the break in the gestation curve of Fig. 1 b, 
this evidence is not conclusive. Incidentally, the curves in Fig. 3 indicate that 
the process of milking is no small factor not only in maintaining an established 
milk flow, but also in initiating milk flow even in virgin heifers. Indeed 
there is a legend in textbooks on physiology to the effect that under stress of 
circumstances, milk flow was established and maintained in a man. (See, for 
example, G. N. Stewart's Manual of Physiology, 8th edition, p. 1141.) Dr. H. 
Nachtsheim (of the Genetics Institute, Berlin) was good enough to tell us that 
he is at present investigating a strain of goats in Germany in which the 
males normally secrete milk. The amount of milk secreted varies with the 
fluctuations in the "heat" period, the usual amount being a "cup" per day 
of apparently normal milk. 
2. Post-natal Growth in Weight.-The daily weights of heifer and bull 
calves during the first two months of post-natal life are presented in Table 2 
and in Fig. 4. 
The data are plotted on arithlog paper. The distribution of the data 
points around a straight line indicates that the percentage-rate of growth is 
constant during this period: the calves grew at the rate of 30 per cent per 
month (the body weight is doubled once in 2.3 months). 
In Fig. 5 are plotted growth data for Jersey and Holstein heifer and bull 
calves by months on arithlog paper. The data were obtained in this Station 
under what are considered as "normal" conditions of management. The 
curves indicate that growth continues at a constant percentage rate (30 per 
cent per month) until the age of 4 months. Following this age, the growth 
rate declines at 4.5 per cent per month. The method of computing growth-
rates is explained in the third bulletin of this series (Mo. Res. Bul. 97). 
Table 3 contains data on growth in weight of dairy cattle obtained (1) 
in the Missouri Agricultural Experiment Station (Ragsdale and associates); 
(2) in the United States Department of Agriculture Section of Cattle Breeding 
Investigations (Hervey and Graves); and in the Kansas Agricultural Ex-
periment Station (Fitch, Cave, and Lusk). We take this opportunity to 
express our indebtedness to Professors Hervey and Graves, and to Professor 
Fitch and associates, for presenting their data and the accompanying papers 
for publication in this cooperative bulletin. 
All the data given in Table 3 were plotted by us in Figs. 6 and 7. 
The curve of the milk-fed group in Fig. 7 deserves special consideration. 
The animals in this group are heavier than the animals in the other groups 
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at the corresponding ages. Is the heavier weight of these animals due to 
genetic factors, or to the milk they received? 
Table 4, and Fig. 8, are presented in answer to this question. In addition 
to the data for the milk-fed group, Table 4 contains data for animals fed (1) 
a "normal" ration; (2) a very liberal ration, and (3) a moderate ration. Ac-
cording to Professors Eckles and Swett, who were in charge of these animals 
in this Station, many dairy animals under practical conditions receive a 
ration inferior to that which was received by the light-fed group (Mo. Res. 
Bul. 31). In other words, these animals were not subjected to any unusual 
condition of food supply. And yet, it is evident from Fig. 8 that the influence 
of these moderate differences of food supply on growth is considerable. Fig. 
8 indicates that the curves of the milk-fed and liberally-fed animals are 
parallel. Parallel curvatures on arithlog paper indicate equal percentage-rate 
changes. In other words, the milk-fed group of Hervey and Graves, and the 
liberally-fed group of Eckles and associates at this Station grew at the same 
percentage rate. The "normal" fed and light fed groups on the other hand 
grew at much lesser percentage-rates beginning with 6 months, the age when 
experimental feeding began. 
These results give a feeling of uncertainty concerning the meaning of the 
term "normal" growth. It is evident that "normal" as employed at this 
Station is less than optimum. This raises the question concerning the relative 
economy of growing animals on an optimum and on a "normal" food supply. 
Fig. 9 represents the growth curves of the three breeds of cattle on a 
"normal" ration. Our growth equation (cj. Mo. Res. Bulletins 97 and 101) 
was fitted to each curve. It appears that the fit of this equation to a set of 
data does not imply that growth was optimum. The method of fitting the 
equation to the data is explained in the third and sixth bulletin of this series 
(Mo. Res. Bul. 97 and 101). 
3. Post-Natal Skeletal Growth.-This problem has been discussed in 
Research Bulletin 80 of this Station. In this place we merely present the 
data for the females (Tables 5 and 6) and males (Table 7). The various 
measurements are indicated by numbers as shown in Fig. 10. Fig. 11 depicts 
graphically the course of growth in height at withers. Fig. 12 indicates the 
age changes in the relationship between weight and height at withers at 
different ages. 
4. Age Changes in Food Intake and in "Efficiency" of Growth.-A 
limited amount of data on age changes in food intake in calves obtained by 
us during the past year is presented in Tables 8, 9, and 10, and in Figs. 13A 
and 13B. 
5. The Course of Increase in Surface Area with Increasing Body Weight. 
-The second bulletin of this series (Mo. Res. Bul. 89) is devoted to the surface 
area problem. Since the preparation of Bulletin 89, Mr. J. S. Matthews, a 
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graduate student and assistant in this Station, made additional measurements 
of area of cattle at the request of the senior author. Mr. Matthews measured 
482 animals, chiefly in the Missouri, Iowa, Kansas and Nebraska agricultural 
experiment station herds. The junior author (S. B.) plotted the data collected 
by Mr. Matthews and attempted to fit formulae to them. The results are 
shown in Figs. 14A, 14B, and 14C. Detailed explanations of the figures are 
given in the legends. 
NO'I'Z.-With the exceptions noted in the text, the data presented in this section were obtained by the 
Miuouri Station in accordance with the plana of projects entitled, Purnell Growth Investigations and Adamo 
and Purnell Colostrum Studies. 
TABLE 1.-THE CouRsE OF INCREASE IN WEIGHT or GESTATING CATTLE 
(Missouri Data) 
Holsteins Jerseys . 
Average AveraJ<e of all data Average Average of all data 
Period of weight of weight of 
gestation 27 cows Number Weight 23 cows Number Weight 
months pounds of animals pounds pounds of animals · p·c.unC.s 
-
0.0 1182 45 1171 915 25 925 
1.0 1189 47 1178 923 28 928 
2.0 1192 46 1183 921 29 928 
3.0 1200 44 1188 929 29 935 
4 .0 1227 45 1209 940 29 945 
5.0 1247 45 1236 964 29 964 
5.3 1264 36 1263 973 25 977 
5.7 1279 36 1271 982 21 972 
6.0 1290 46 1278 986 28 990 
6.3 1302 41 1296 989 28 995 
6.7 1322 40 1315 1004 27 1007 
7.0 1334 40 1331 1008 30 1005 
7.3 1345 39 1336 1022 30 1020 
7.7 1352 40 1345 1031 30 1029 
8.0 1363 40 1359 1030 30 1031 
8.3 1378 41 1372 1044 30 1043 
8.7 1396 39 1386 1059 29 1060 9 .0 1408 37 1401 1075 29 1081 
Before calving 
----
18 1416 
----
14 I 1117 After calving 1263 38 1245 978 26 975 
GROWTH AND DEVELOPJI•!ENT I 
Lbs 1420 v 
t II 
''"'" 
J'>L!n 
~ I 
"""" d 1/ 1~ 
t.Hol brln. tl'¥lSOI ~2?< pws. II 
(/ ) . 
" . 
all d ~-
1320 f:!qy,t ~s: e23c !Jw5. f) I ><Je:r.> 0 , ,a 1 cia' 1~ )(/ /y 
1200 fl f !Jr ~· 
-v· ~.d b1 / 1240 
/vh 'J<I 
1220 1/ v 1200 
...--~ '?"" 
1100 ::::::""" :::.---v---
1!60 Mlss put>td ta 
05. 0 1. 2 3 4 .5 6 ~ 9 M 
"DePlod. of Gestation 
iO 
Lbs. 
1160 
tWO 
1 100 
1 060~ 
f 
ro 
040~ Sj 
1020~ 
01 
...... 
1 000~ 
000 
000 
Fig. !a.-Increase in weight of gestating cows plotted on coordinate paper. 
The lettering and tracing of this and of the other charts in this bulletin were done 
respectively by Mr. Raymond Hase and b y Mr. Ja mes Boden, undergraduate stu-
dents in the University of 1\.fissouri. 
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dicates that the weight above the breeding values, B. W., increase at 62 per cent per month (that is, the weight above B. W. is doubled once in 1.1 months). 
Special attention is called to the break in the curve between 5 and 6 months. This break 
should be compared (for the purpose of interpretation), with (1) the relative decline in milk 
secretion of farrow and pregnant cows (Fig. 24); (2) the change in the composition of mil k with 
the advance in the stage of gestation (Fig. 30); and (3) the increase in weight and in basal 
metabolism of a gestating goat (Fig. 3) . 
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Corrections 
Fig. 2b refers to a cow (not goat). The sentence on page 7 
referring to Fig. 2b should read "Figs. 2a and 2b represent re-
spectively the course of basal metabolism in a gestating goat and 
the course of change in the composition of the mammary secretion 
in a gestating cow . .. " 
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TABLE 2.-GROWTH OF CALVES DuRING 60 DAYS FoLLOWING BIRTH (Missouri Data) 
Jersey Holstein Ayrshire 
Females Males Females Males Females 
---
------
---------------
------
Calves Weight Calves Weight Calves Weight Calves Weight Calves Weight 
in- lbs. in- lbs. in- lbs. in- lbs. in-~ lbs. 
eluded eluded eluded eluded eluded 
------
---------------
------
Birth !4 54.1 11 61.0 !4 92.4 9 87 . 3 5 65 . 2 
1 14 55.9 11 62.1 !4 94.0 9 88 . 8 5 68.0 
2 14 56.8 11 64.5 14 94.4 9 89.6 5 67.8 
3 14 57.2 11 65 . 8 H 95.4 9 92.2 5 68.4 
4 14 57.8 11 65.9 14 97 .I 8 91.6 5 69.2 
5 14 59.1. 11 67.2 14 97.6 9 94.7 5 69. 8 
6 14 60.0 11 67.4 14 98.3 9 95 .6 5 69. 8 
7 14 61.5 11 68.5 14 99.0 9 95.6 5 72.0 
8 14 62.2 11 69.0 H 100.2 9 96.5 5 71.4 
9 13 63.0 11 67.9 13 100.7 9 97.1 5 73.2 
10 10 63.2 11 68.4 12 102.1 9 98.2 5 71.8 
11 8 62 .0 11 70.4 8 104.8 9 99 . 7 5 74 . 2 
12 8 61.5 11 70.0 8 104.8 9 99.4 5 74.8 
13 8 61.8 11 70.3 8 106.8 9 100.5 5 74.4 
14 8 62.5 11 70.5 8 107.5 9 102 . 5 5 74 . 8 
15 8 63.7 11 71.0 8 107.6 9 102.9 5 75 . 8 
16 8 64.5 11 71.7 8 108.8 9 103.1 5 76. 8 
17 8 64.2 11 72.3 8 Ill. 0 9 104.6 5 77. 8 
18 8 64.7 11 73.5 8 Ill. 5 9 105 . 1 5 77.6 
19 9 64.6 11 74.1 9 111.0 9 106.2 5 78.6 
20 8 .66.0 11 75.0 13 109.7 9 107. 3 5 79. 2 
21 8 66. 6 11 75.3 8 114.5 9 107.8 5 79.8 
22 8 68.3 11 75 .7 8 114.9 9 109.6 5 79.8 
23 8 69.8 11 77.0 8 115.0 9 110.3 5 81.4 
24 8 70.1 11 77. 8 8 116.6 9 112.0 5 81.8 
25 8 70.7 11 78.7 8 117.2 9 112.5 5 83.2 
26 8 71.2 11 79.5 8 118.9 9 114.6 5 84.0 
27 8 72.3 11 80.2 8 121. 1 9 115.1 5 84.8 
28 8 73 . 7 11 81.4 8 122.0 9 116.4 5 86.8 
29 8 74.0 11 82.6 8 123.4 9 117 . 1 5 86.8 
30 8 75.1 11 83 .6 8 123.6 9 118.7 5 88.2 
31 8 74.7 11 83.4 8 125.0 9 118.7 5 90.4 
32 8 75.3 11 84.8 8 126.7 9 120. 5 5 89 .2 
33 8 76.5 11 85.5 8 129.2 9 122.3 5 89.4 
34 8 77.6 11 85.9 8 131.0 9 122 .8 5 88.8 
35 8 78.6 11 86.6 8 131.5 9 124. 3 5 91.4 
36 8 78.8 11 87.4 9 133 . 0 9 125.6 5 93.6 
37 8 80.5 11 88.0 8 134.8 9 126.5 5 94 .6 
38 8 80 . 3 11 89.5 8 136.0 9 127.7 5 95 .4 
39 9 80.7 11 89.5 8 137.0 9 127.8 5 96.8 
40 8 83.6 11 90.4 8 137.7 9 130. 1 5 97 .2 
41 8 84.5 11 91.8 8 140 . 1 9 131.1 5 98 .4 
42 8 84.7 11 92.8 8 141.3 9 131.8 5 99.4 
43 8 85.3 11 93.6 8 143.8 9 133 . 3 5 100.5 
44 8 86.1 11 93.5 8 145.5 9 134.2 5 101.6 
45 8 87.6 11 95.1 8 146.6 9 135 .5 5 101.8 
46 8 88.2 11 95.5 8 148.1 9 137.3 5 103.6 
47 8 88 . 3 II 96.6 8 150 . 2 9 139.4 5 103.8 
48 8 88.6 11 97.4 8 150.8 9 139. 6 5 105.8 
49 8 89.5 11 98 .9 8 151.7 9 141.5 5 106.4 
50 8 90.7 11 100. 2 8 154.0 9 143 .5 5 106.8 
51 8 90. 7 11 101 . 8 8 ISS . 5 9 144.4 5 107. 2 
52 8 90.2 11 102.7 8 156.3 9 145 . 1 5 108 .2 
53 8 92.1 11 103.5 8 158.6 9 148.0 5 108 .8 
54 8 93.3 11 105 . 7 8 159.8 9 149.6 5 110. 1 
55 8 94.2 11 106.5 8 161.7 9 151.1 5 110.8 
56 8 95.7 11 107 .5 8 163 . 5 9 152.9 5 112. 6 
57 8 97.3 11 109.6 8 164.8 9 154.2 5 114.8 
58 8 97.3 11 110.7 8 166.0 9 156.2 5 115 . 8 
59 8 98.6 11 112.2 8 166.0 9 157.3 5 116.6 
60 8 101 . 8 11 114.6 8 166.7 9 168.5 5 117. 2 
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Fig. 4.-Daily growth in weight of dairy cattle during the first 
60 days after birth, as plotted from Table II on arithlog paper. From 
the straightness of the lines it appears that growth during this period 
takes place at a constant percentage-rate (about 30 per cent per month; 
that is the body weight is doubled once in about 2.3 months). (Corn-
pare to Fig. H of Mo. Rea. Bul. 97) 
GROWTH AND DEVELOPMENT I 
K <Q.S_ 
"'*UV 
200 
j 
'/.. too ~ .., 
., // ~Zi 
""' 
-~ ~- 7 
60 
!~ ~7 
"' 
./' Vj 
I /; 40 
/; '/ 
30 r; 
"" -Mos 0 2 4 
~ 
.0 
;.._...-
·"' 
v 
~ ~ v ---
,/ 
/ ~ / v 
. .; i"r>s fY 'f 
. 
" 
d' 
o !:-[ol~ e1n 'f 
. 
" 
d' 
D~ir>¥ :a ttl 
6 0 
Age 
10 
..........-
f.-
v v 
---
--
~ 
·---
-~- -
:Mrs i;oupl !data 
12 
s. ~ 
?00 
600 
500 
400 
"300 
'JOO 
.100 
90 
80 
?0 
60 
50 
Fig. 5.-Growth in weight of female and male calves plotted on arithlog paper. 
The diatribution of the data points on a atraight line during the first four months of 
extra-uterine life indicates that growth during this period takea place at a constant 
percentage-rate. The slopes of the curve indicate that the weight of the animals in-
creases at the rate of between 30 and 31 per cent per month; that is, the body weight 
is doubled once in about 2.3 months. Following the inflection (indicated by the break 
in the curve) the gain in weight of females declines at 4.5 per cent per month (cf. Fig. 
15 of:Mo. Res. Bul. 97). 
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TABLE 3.-GROWTH IN WEIGHT (lbs.) OF DAIRY CATTLE (SEcTION 1) 
Missouri ExperlmenfStation Data 
Eckles d al Ragadale tl al Jersey Register of Merit 
--·-----
Jerseys Jer~~---_J-~~~-- -I 1 _______ _ Holstein• Age Holstein 
Females 
Jersey 
Females 
Ayrahire 
Females 
Sho'rthorn 
Females Malee ·--Females Male• Females Males Females 
Age Intervals 
Yrs. Mos. No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. No· Wt. No. \Vt. No. Wt. 
----------------- -----------------------------· 1------Birth 83 90 94 55 26 69 17 73 45 92 50 91 32 61 31 56 5 77 8 69 ---- - - --- --1 9 121 6 76 3 90 I 118 45 123 48 120 30 83 33 75 4 98 11 90 ---- ----- --2 9 157 7 105 4 128 2 133 42 168 27 !59 31 112 34 102 4 125 8 122 ---- ----- - -3 9 200 7 140 6 170 2 174 38 235 13 ~95 29 159 10 132 3 159 2 139 ---- ----- - -4 9 249 8 174 8 218 4 22$ (O 286 13 246 28 216 9 173 3 202 2 181 ---- - - ---5 9 302 9 222 8 254 4 268 38 359 13 311 28 271 9 217 3 257 2 226 ---- - - ---6 9 349 10 260 10 286 3 316 36 427 13 348 28 332 8 262 3 303 2 266 ---- - -- - -7 11 389 lO 302 11 304 3 348 32 483 12 391 H 373 7 303 2 339 2 297 ---- - - ---8 11 425 10 340 11 336 3 419 29 551 12 425 22 424 7 327 1 402 2 323 ---- -- - -- --9 11 466 11 376 10 366 3 461 28 620 10 466 22 473 7 345 ---, ------- 2 358 -- -- ----- --10 11 501 11 407 10 406 3 538 22 689 10 493 20 525 6 372 - --- - - --- - - I 372 - --- - - -- - --11 11 529 11 432 10 427 3 576 21 747 8 525 15 562 6 391 - --- - ----- - I 407 -~- - - - - -- --I2 11 558 11 456 10 456 4 547 17 804 7 550 14 624 6 410 ---- --- - --- · - - - - - - - - - - - - - - - - - - - - -13 11 574 11 480 IO 485 4 564 I5 865 5 573 11 663 6 423 - - -- - - - - -- - ---- - - - ---- ---- -- - -- - -14 11 596 11 503 9 533 4 579 13 922 4 595 8 677 4 460 ---- -- - ---- ---- ------- ---- -- - -- --15 12 6I2 11 520 8 547 4 6I7 12 968 I 622 8 715 3 512 ---- ------- ---- - ------ ---- -- -- - __ 16 13 643 11 533 8 560 4 627 11 1039 I 630 5 743 2 533 ---- ----- - - ---- -- - ---- - - -- ----- --I7 14 660 12 553 8 579 4 642 8 1074 1 650 5 803 2 529 ---- -- - - -- - -- - - ------- ---- ___ __ - - ---------------18 14 686 13 572 8 604 4 668 7 1131 --- - ------- 5 839 2 530 - --- --- - - - - - - -- -- 26 710 -1.5 19 14 715 13 598 8 627 4 695 7 1131 --- - ------- 3 880 2 550 ---- -- - ---- - -- -20 14 746 13 621 8 651 4 728 6 1213 -- -- - ------ 3 893 ---- - ------ - - -- ---- - -- -- - - - - ----- - --- - - - --,---- - -:------- - --21 14 774 13 649 8 679 of. 745 6 1233 -- -- ------- 3 935 ---- - --- - -- ---- ----- - - -- - - ---- - -- 1001 767 1.5 2. 0 22 14 796 13 668 8 707 3 741 6 1278 -- - - -- - ---- 2 1028 - - - - ------- - - - - ---- --- ---- -- - -- - - ---- -----23 I4 824 12 689 8 733 3 821 6 1329 -- - - --- - --- 2 1027 -- - - ----- - - -- - - -- --- - - - - - - - ------ -- - - -- - - -24 14 841 I2 716 8 759 5 845 4 1420 - --- - - - - - -- I 1085 - - - - - -- - - - - ---- - - - - -- - ____ - - -- - - - - --- - - - --25 14 869 I2 737 7 798 4 845 4 I411 - -- - - - - - - -- I 1095 - - - - - -- - - - - --- - ------ - ____ -- - - -- - - - - - - - - --26 14 893 12 758 6 807 3 877 4 1494 - - - - - -- - - -- 1 1095 - - - - - - --- - - - - -- - - -- -- - - -- - - - - - - - - - - - - -- - - -27 14 925 12 770 5 859 f 883 3 1522 ----------- 1 1145 ------- - --- ----------- ------------ --- -----,-----------------28 14 966 12 784 5 868° f 922 1 1420 ---- - ------ 1 1115 -- - -- - - - --- - ---------- -----------3155 808 2 .0--2.5 29 13 994 12 804 ---- ------- 3 928 I 1450 ____ -- - ---- ---- ------- ---- ------- ---- -- -- --- - - -- ------- ---- ---- -30 26 1021 12 7641 ---- ----- - - 4 998 ---- ------- -- - - - - ----- ---- ------- ---- ------- - --- ------- -- - - ---- - -- ---- -----31 ---- 965 1 - --- -- - - - - - - --- ------- -- - - ------- ---- ------- ---- -- ----- - - -- ------ - -- - - - - - - --- --- - --- - --- -- - - - - ----- --- - -----32--- - -------------- -- - - - ---------- - - -- - -- - --- --- - - - ---- - ----- - - -- -- - -------- -- - - -- - - ----- ---- --- ---- - --- - - ----- - --- - - -- -u :::: ::::::: :::: ::::::: :::: --ii:io-- :::: : :::::: :::: ::::::: :::: ::::::: :::: ::::: : : :: :: ::::::: :::: :: ·:::: :: :: ::::::: 1449 --ii36 l- --2~s.:.3~o-- - -- - -
35 -- - - ------- ---- 779 ---- ------- - --- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- -----·- ---- ------- ---- -----36 26 962 --·· ------- ---- --- ---- ·---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- -----37-42 ---- ------- ---- ------- ---- 874' - --- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- --- ---- ---- ------- ---- -----,--------------- - -43.!~ --ii ·io4oi· ~=== --~~~~- :::: ··a9i-- :::: ::::::: :::: ::::::: :::: ::::::: :::: ::::::: :::: ::::::: :::: ::::::: :::: ::::::: :m m LtU 
48 -- -- - --- --- - - - - 854 ---- ·------- - --- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- -- ----- - --- ------- - --- -----49 20 1071 ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ----- -------·---------51------------------------------------------------------------------------ -------------------------------------- 1171 416 4.0-4 . 5 55--------------- 872' ---- 960• ---- ------- ---- ------- ---- ------- ---- ------ - ---- ------- ---- ------- ---- ------- ---- ----- -----------------51 17 1143• ---- ------- ---- ------- ..... ------- ---- ------- ---- ------- ---- ------- ---- ------ - ---- ------- ---- ------- 916 930 4.5-5.0 60---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ----- -----------------61 ---- ------- ---- ------- ---- 952 ---- ------- ---- - - ----- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ----- ----- ·-----------63 13 1136 -- - - ------- - --- ------- ---- ------- ---- ------- ---- ------- ---- ------ - ---- ------- ---- ------- ---- ------- 1692,938 5.0-6.0 68 -- ------- -- 887• ---- ------- ---- ------- ---- ------- ---- ------- ---- ------ - - - -- ------- ---- ------- ---- ------- ---- ----- --H :::~ :~~~~~: :::: ::::::: :::: =i6ii~= :::: ::::::: :::: ::::::: :::: ::::::: :::: ::::::: :::: ::::::: :::: ::::::: :::: ::::::: iiii ::~~i ::_6:o:7:o··-----n 3 1200 __ ____________ _ ____ ____ _________ _ ______________________ ________ __ __ ___________ _____ _____ __________ _ 
80 - - -- - - - - --- ---- 919• ---- 980 ---- ----- -- ---- --- - -- - -- -- ------ - - - -- - - ----- -- - - ---- - -- - --- ------ - - --- ------- -- -- ----- - - - - - - -- - - --- -- --82 4 1247• --- - ------- - --- - - - - - - - ---- ------- --- - - ------ ---- - - - -- - - ---- - - - - -- - ---- ------- ---- ------- - --- ---- -· - 965 952 7.0-8.0 92 ---- ------- ---- ------- ---- 1045• ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- 621 957 8.0-9.0 98 ---- ------- ---- ------- ---- 1023 ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- 364 962 9.-10.0 
---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ----- - - ---- ------- - --- ------- 208 957 10.-11. 
----------- ---------------------- ----------- ---- ------- ---- ------- ----------- ·--- ------- ------ - --------------- 108 968 ll.-12. 
---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- 64 956 12.-13. 
---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- -----·- - - -- ------- ---- ------- ---- ------- 32 961 13.-14. 
----------- ----------- ----------- --- ------------------ - ----------- ---------------------- ---- ------- ---- ------- 14 1036 14.-15. 
-- -- ------- ---- ------- ---- ------- ---- ------- --- - ------- ---- ------- ---- ------- ---- - - ----- ---- ------- --- - ------- 9 975 15.-16. 
----·------- --- - - ----------------- - ---------- - -- - --- -----.-- - - - ----- - ---- - ----- - --- ------- ----------- _ _. __ --- ---- 4 963 16.- 17 . 
I, 2, 5 indicate weights after firsL .. fifth calving. *Indicates weight just before calving 
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TABLE 3.-GROWTH IN WEIGHT OF DAIRY CATTLE (SECTION 2) 
Hervey and Graves, U. S. Bureau of Dairying Data 
Holstein I ] erser 
Beltsville. Md. 
Beltsville group of group of 
group not Ardmore, Woodward, heifers not heifers 
Age on pasture S. D. group Okla. group Males on pasture on pasture 
17 heifers 17 milk fed 
No. Wt. Weight heifers Weight No. Wt. No. Wt. No. Wt. 
-----
----
Birth 27 97 90 
---
48 102 35 55 
-- ---
1 27 121 132 134 43 129 35 74 -- ·--
2 27 ISS 184 195 41 163 35 91 -- ---
3 27 197 238 267 39 207 35 124 -- ---
4 27 2S3 294 329 30 267 35 166 -- ---
5 27 303 342 386 26 329 3S 209 -- ---
6 27 360 403 446 24 399 35 258 -- ---
7 27 407 449 501 17 4S8 35 296 -- ---
8 27 460 486 550 8 502 35 332 -- ---
9 27 507 SIS 605 
-- ---
35 371 
--
---
10 27 5S3 S37 660 
-- ---
35 406 
-- ---
11 27 586 S60 719 
-- ---
35 438 
-- ---
12 27 627 590 754 
-- ---
35 464 484 13 27 662 628 
--- -- ---
34 487 I 
14 24 706 6S9 --- -- --- 34 512 1 516 15 23 749 689 
-- --
---
33 544 2 513 
16 22 791 707 
-- -- ---
33 558 2 529 
17 23 81S 730 --- -- --- 32 584 3 560 
18 20 841 752 
--- --
---
30 610 5. 565 
19 11 870 787 
--- --
---
26 637 9 591 
20 18 902 824 
--- -- ---
23 657 12 618 
21 11 942 860 --- -- --- 20 679 15 644 22 16 990 894 
--- -- ---
22 706 13 665 
23 14 1045 934 ---- -- --- 22 744 13 686 
u 18 1084 973 
--- --
---
22 751 II 715 
Kansas Data Fitch et al 
Females Males 
Holstein Aryshire Guernsey Jersey Holstein Ayrshire Guernsey 
No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. 
------
----
------ ----
----
----
33 92 28 69 17 66 16 47 34 97 28 80 21 66 
30 121 28 80 IS 82 16 68 32 131 28 102 20 85 
30 158 28 126 14 109 14 95 32 176 25 138 17 114 
30 20S 24 I70 11 140 I5 128 32 229 22 177 16 153 
29 254 2S 209 11 I94 1S 164 29 286 2I 221 13 I99 
28 307 2S 256 I2 238 I7 213 26 344 21 269 I3 247 
29 359 2S 306 II 285 I7 249 23 403 17 324 I2 310 
31 4I2 28 346 13 382 I7 289 
33 466 28 386 14 366 18 332 
30 515 27 425 16 404 I8 363 
30 562 23 464 14 4SO I8 398 
28 604 21 499 I5 473 I8 425 
-2 732 666 662 30 642 22 S41 15 499 18 467 4 
30 746 23 646 15 597 16 533 
27 858 21 7.39 14 667 13 595 
21 I07S I6 9ii 9 837 13 713 
Males 
No. Wt. 
----58 59 
56 76 
50 101 
51 135 
46 178 
41 227 
40 276 
28 306 
20 354 
11 404 
IS 442 
8 4S5 
4 476 
-- -- -
-- ---
-- ---
-- ---
-- ---
-- ---
-- ---
-- ---
-- ---
-- ---
-- ---
-- - ··-
Jersey 
No. Wt. 
--
--23 56 
21 76 
18 105 
18 142 
I8 185 
I4 230 
12 279 
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Fig. 6.-Growth in weight of J ersey cattle plotted from data in Table 3. The sources of data are 
indicated on chart and table. The insert chart, which represents the increase in weight of t he Register of 
Merit cows beginning with 27 months of age, is given here for two reasons: (1) to facilitate reading 
values for the part of the curve which appears fiat on the larger chart, and (2) to emphasize the fact that 
the degree of steepness of a gro\vth curve on coordinate paper has no significance; for a curve may be 
made as steep as desired by appropriate adjustment of the axes. A curve for Guernsey cattle is also 
given in this chart for purposes of breed comparison. 
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Fig. 7.-Growth in weight of Holstein cattle plotted from data in Table 3. The 
curves of Jersey and Ay rshire cattle are also given here for purposes of breed comparisor. 
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Fig. 8.-The influence of food supply on growth in weight of dairy cattle, plotted 
on arithlog paper from Table 4. Attention is called to the fact that the differences in 
food supply to which these animals were subjected are not extreme, but represent types 
ofJcommercial farm management. 
Age 
Month• 
1 
2 
3 
4 
s 
6 
7 
8 
9 
10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
22 
TABLE 4.-THE EFFECT OF Fooo SuPPLY ON GROWTH IN BooY WEIGHT 
Holstein heifera Jersey heifers 
U.S. D. A. 
Missouri data data (Hervey Missouri data 
(Eckles et al) and Graves) (Eckles et al) 
Heavy Fed Normal Light Fed Milk Fed Heavy Fed Normal Light Fed 
lbo. lbs. Iba. Jbs. Jbo. lbs. lhs. 
113 121 104 134 66 76 87 
139 157 130 195 88 105 109 
212 200 177 267 119 140 107 
263 249 214 329 161 174 173 
362 302 258 386 203 222 211 
418 349 292 446 248 260 245 
455 389 307 501 285 302 261 
490 425 326 550 321 340 279 
545 466 344 605 357 376 295 
591 501 372 660 393 407 312 
628 529 382 719 436 432 336 
659 558 404 7H 463 456 363 
714 574 431 
---
504 480 378 
737 596 463 
---
540 503 404 
776 612 491 
---
579 520 431 
819 643 519 
---
628 533 455 
852 660 535 
---
667 553 477 
891 686 569 
---
708 572 495 
9j2 715 588 
---
744 598 515 
938 796 666 
---
772 668 568 
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Fig. 9.-A comparison of growth curves of three breeds of cattle as raised in this 
Station under "normal" conditions, by Eckles and associates. The smooth curves 
passing through the data points represent equations, the significance of which is 
explained in the third and sixth bulletins of this series (Res. Buls. 97 and 101 of this 
Station). 
1 2 3 
I 
4 
Height at Depth of chest 
Height at highest point Height at just behind 
Age withers or croup hip points ·elbow joint 
-- ----------------
No. No. No. No.• 
Ani- Ani- Ani- Ani-
mos. mala em. mals em. mala em. mals em. 
-- ----------------
Birth 10 66.8 7 69.5 5 69.4 5 26.5 
1 14 71.1 8 75.4 6 75 .0 6 29.6 
2 17 75 .9 9 79.8 11 78.3 7 32.6 
3 18 80.4 9 84.9 11 82.9 7 35.9 
4 20 84.9 9 90.0 11 88 .7 7 38.6 
5 22 89.6 11 94.1 11 92.5 7 41.9 
6 24 93.6 15 97.4 14 96.1 11 43.3 
7 29 96.8 23 98.8 21 99.5 17 44.3 
8 35 98.5 25 101.8 22 101.4 19 46.4 
9 34 100.8 29 104.2 24 103.5 21 47.9 
10 37 102.9 30 106.4 27 105.9 22 49.4 
1 39 104.9 32 108.6 28 107.8 24 50.5 
12 41 106.5 32 110.2 28 108.9 24 51.3 
13 41 108.3 33 111.1 26 109.9 24 51.7 
14 40 109.7 30 112.3 27 111.9 23 53.4 
15 42 111.0 32 113.3 27 113.1 24 54.5 
16 40 111.8 35 114.7 28 113.9 24 55.6 
17 36 113.2 33 115.4 28 114.7 24 55.8 
18 41 113.9 34. 115.5 29 115.3 26 56.7 
19 43 115.3 37 116.7 28 115.9 26 57.6 
20 39 116.1 40 118.3 30 116.8 28 58.5 
21 40 116.8 43 119 .3 32 117.7 30 59. 3 
22 41 117.4 42 115.1 32 118.2 29 59.4 
23 41 118.7 42 120.1 34 118.9 30 60.5 
TABLE 5.-DATA OF SKELETAL GROWTH, JERSEY CATTLE 
(Missouri Data) 
5 6 7 ·a 9 10 11 12 13 
Width Length 
of chest from From 
just be- poll to Circum- highest 
hin.d el- point ference Length point or From 
bow Width Width or ofmuz.. from withers aline 
joint of hips of loins muzzle Width zleat base of to aline between 
--------
off ore- opening horns to between hips to 
head of mouth withers the hips the tail 
---------------
em. em. em. em. em. em. em. em. em. 
------------------------
13 .5 14.2 11 .2 22 11.4 21.4 20.4 34.0 14. 6 
15.7 16.3 13.9 22 12.8 22.5 23.8 38.5 15.8 
17.2 18.2 14.1 26 13 .2 24.1 26 .6 43.1 15.7 
19.2 20.8 15.9 28 13.7 25 .8 29.0 46.6 19.0 
20.6 23.1 17.6 30.1 14.6 26.7 31.6 51.0 20.0 
23.9 25.2 18.9 32.0 14.9 30.4 33.0 55.6 22.1 
24.2 26.7 19.9 35.2 15.6 29 .2 37.1 58.3 24 .0 
24 .9 29 .5 20.6 35.6 15.7 30.4 38.3 59.8 28.5 
25 .4 29 .6 22.3 37.0 15.8 31.3 40.2 61.0 28 .9 
27. 9 31.0 22.2 38.9 16.6 32.2 42.3 62.1 30.7 
28.0 32.2 22.6 40 .0 17.2 32.9 42.9 65.2 32.2 
29.7 33.5 23.2 41.9 17.9 33.4 45.5 65.9 34.0 
29 .8 34.2 23.9 42.2 17. 6 34.1 46 .8 66.8 34.0 
29 .9 35.2 24.7 42.6 17.9 34.5 47.1 68.6 34.4 
30.3 35.9 25.4 43 .6 17.9 35.1 47.2 69.1 35.0 
31.7 36.5 25.6 43.6 18.4 35.3 48.5 70.3 35.5 
32.2 37.1 26.6 45.0 18.3 35.8 49 .2 70.9 36.0 
32.8 38.3 26.7 45.7 18.5 36.0 49.1 72.9 36.8 
33.6 38.7 27.1 45 .7 18.7 36.6 49.3 73.9 36.7 
33.2 39.2 27.7 46 .4 18.4 36.9 49.6 73.8 36.9 
33.8 40.1 28.1 46.5 18.9 36.9 51.4 75 .9 37.0 
34.0 40.8 28 .6 46.8 18.6 37.5 50.9 76 .6 36.6 
34.4 41.2 28 .6 47.5 18.9 38.2 51.9 76 .7 36.8 
34.6 42.2 29 .6 47.0 18.6 38.2 51.6 77.9 36.5 
--· 
14 15 16 17 18 19 20 21 
From 
From point of Heart 
point of From hips di- girth Girth Smallest 
shout- point or From rectly just be- of circumference 
ders shoul- point of for- hind el- paunch of shinbone 
to point dersto hips to ward to bow at end of Fore Hind 
of hips ischium ischium last rib joint last rib leg leg 
-------------------
em. em. em. em. em. em. em. em. 
-------------------
48.6 64 .6 20.0 12.2 68.2 71.6 8.5 9.0 
53 .6 72 .7 21.6 14.3 75.2 86.1 8.9 9.5 
58.6 79 .7 23.6 16.0 82.3 97.9 9.5 10.2 
63.2 83.2 25.6 18.4 91.5 112.0 9.7 10.7 
67.7 90.8 27.7 19.6 98 .6 119.5 10.5 11.4 
72 .6 99.1 29.4 21.9 106.9 133.6 11.1 12.4 
78 .5 106.8 30.7 21.5 110.8 132.7 11.4 12.8 
81.1 109.8 31.9 23.2 115.1 140. 7 11.7 13.2 
81.4 111.8 32.8 23 .5 118.5 142.7 12.1 13 .5 
84 .6 115.6 34.0 24.6 122.5 147.6 12.4 14.0 
87 .7 120.5 35.1 25 .2 125.9 149.5 12.8 14.6 
90.4 123.7 36.2 26.0 129.9 155.3 13.2 15.0 
91.9 126. 1 36.8 26.1 132.1 155.4 13.4 15.2 
92.4 127. 1 37.7 27.0 135.2 156.8 13.7 15.4 
93.7 129.1 38.1 26.7 137.2 160.1 14.0 15.6 
95.1 131.6 38.3 27.4 140.2 163.2 14.1 15.6 
96.5 133.5 38.9 27.6 141.5 165.3 14. 1 15.8 
98.2 135.4 39.3 28.5 145.9 168. 6 14.4 16.0 
99.3 136.9 4.0 .2 29.0 145.5 170.4 14.5 16.3 
100.3 138.0 40.5 '28.9 147.0 170.6 14.7 16.4 
101.4 139.7 41.5 29.5 149.8 175.1 14.7 16.4 
102.7 140.5 42.0 29.6 151.1 175.U 14.8 16.:! 
103.6 143.2 42.5 29.8 153.0 177.5 14.9 16.4 
104.3 144 3 43.2 29.8 154.9 179.7 15.9 16.5 
24 40 119.3 40 121.1 33 .119.5 31 61.2 35.3 43.1 30.0 47.4 18.7 38.5 52.1 79.8 36.0 105.1 145.7 43.5 29.8 157.4 183.7 15.0 16.8 25 36 119.8 36 121.8 30 120.4 28 61.9 35.5 43.8 30.9 47.4 18.4 39.0 50.8 81.1 36.2 106.0 146.3 44.0 30.9 158.2 186.1 15.1 16'6 26 35 119.9 33 122. 1 28 120.8 26 62.0 36.0 44.2 31.2 47.6 18.6 39.1 50.2 82.3 35.0 105.4 145.7 44.0 30.9 158.5 185.0 15.2 16.8 27 37 120 .. 6 34 122.7 28 121.2 25 62.8 37.4 44.9 31.5 47.5 18.8 39.4 49 .9 82.3 34.9 106.9 147.7 44.3 31.5 160.2 188.6 15.2 16.8 28 23 120.4 29 123.4 23 121.2 22 63.0 37.1 45.6 32.4 46.5 18.5 39.6 48.5 84.6 32.0 107.7 148.3 44.6 32.0 161.3 100.1 15.1 16.8 29 24 121.0 27 123.8 22 121.5 21 64.1 37.4 45 .9 32.7 46.9 18.8 39.9 47.9 85.7 32.9 107.6 148.1 45.0 31.3 162. 6 194.6 15.2 16.8 30 31 121.7 26 124.1 21 121.9 20 63.9 37. 1 46.2 32.7 47.0 19.0 39.6 49. 2 85.2 32.3 108.0 148.2 45.1 32.8 162.5 194.4 15.1 16. 7 31 20 122.1 26 124.9 21 122.6 21 63.9 39.3 46. 7 33.3 46.8 18.7 39.8 49.6 86.3 32.5 107.5 148.9 45.7 32.7 164.7 196.6 15.1 16'8 32 21 122.3 24 124.8 20 122.5 20 64.4 38.9 47.0 33.8 47.2 18.6 40.0 50.5 85.6 32.4 109.2 150.4 45.5 33.2 166. 1 198.8 16.1 16. 6 33 30 122.8 21 124.9 17 122.7 18 64.8 39.3 47.8 33.8 47.0 18.5 40.3 52.5 85.5 33.0 110.5 152.1 45 .6 32.6 166.7 198.7 15.1 16.6 34 20 122.6 23 125.0 19 122.8 18 64.8 39.2 47.4 33. 9 47.1 . 18.7 39.9 51.6 86.1 33.0 109.4 150.4 46.3 32.9 165.8 194.9 15.1 16.7 35 19 122.8 23 124.9 19 122.9 19 65.1 39.2 47.8 33. 9 47.1 18.4 40.2 51.5 86.6 32.7 108.8 150.8 46.0 33.0 166.2 196.4 15.1 16.7 36 31 123.3 22 125.4 18 123.4 19 65.0 41.1 47.6 33.7 47.6 18.6 40.4 52.4 86.5 32.5 108.6 151.0 46. 2 33.6 165.6 192.9 15.3 16.8 37 18 123.0 22 125.6 18 123.5 17 64.7 40.0 48.0 33.8 47.5 18.8 41.2 61.8 86.8 32.6 109.0 152.6 46.2 33.6 166.1 195.2 15.2 16.8 38 16 122.7 20 125.2 16 122.8 16 65.2 40.1 47.9 33.7 47.8 18.6 40.3 51.2 87.2 32.7 106.1 151.1 46.2 33.6 165.8 193.5 15.2 16.8 39 17 123.0 20 125.4 15 123.6 16 64.9 39.0 47.8 34.1 48.0 18.5 40.5 51.2 87.2 32. 7, 109.4 152.2 46.0 34.0 166. 1 193.6 15.2 16. 7 40 16 123.4 20 125.6 16 123.5 17 65.3 37.6 48.2 34.2 47.2 18.7 40.8 52.9 87.4 33.1 109.9 152. 2 46.6 33.7 165. 6 195. 6 15.2 16.9 41 16 123.1 21 126.0 16 123.8 15 65.2 39.3 48.4 34.5 48. 1 18.8 40.7 52.5 88.5 33.6 110.1 151.9 46.6 33.8 167.4 196.6 15.4 16.9 42 26 124.0 19 125.9 14 123.7 14 65.4 39.5 48.2 34.5 48.2 19. 0 40.8 53.2 88.3 33.2 109.7 151.9 46.7 33.8 166.8 196.5 15.4 17.0 43 15 123.0 17 125.0 15 122.5 15 64.8 36.6 48.4 34.2 48.3 19.4 40.7 53.1 87.0 32. 6 109.8 151.5 46.3 34.5 165.5 195.7 15.1 16.7 44 16 123. 4 18 125.8 16 124.3 16 65.3 40.5 48.7 34.3 48.5 19.0 40.6 55.3 87.2 32.9 110.0 153. 1 46. 3 34.3 167.8 197.7 15.3 17.0 45 17 124.0 20 125.7 16 123.6 16 65.3 40.3 48.8 34.4 47.9 19.2 41.1 53.9 87.8 32.8 111.4 154.5 47.1 34.9 167.0 197.6 15.3 17.0 46 12 123.7 14 125.2 12 122. 7 12 64.5 38.9 47.8 33.9 48.8 19.2 41.0 54.9 86.1 32.6 110.6 153.4 46.3 34.5 165.5 197.2 15.2 16.9 47 13 124.2 15 125.9 13 123.8 13 65.8 38.9 48.5 34.2 49 .0 18.9 41.0 57.2 87.9 32.0 112.0 156.0 47.1 34.4 167. 2 196.2 15.3 17.8 48 27 124.4 19 126.6 13 123.6 13 64.8 39.2 48.9 34.1 48.3 19.0 41.0 54.7 88.1 34.5 111.3 155.3 47.0 35.6 166.6 195.6 15.3 17.7 49 13 124. 4 13 126.2 12 123.8 11 66.9 38.5 47.9 34.3 50.0 19.0 41.4 66.0 89.2 33.0 113.9 156.4 47.1 36. 2 165.2 195.1 15.2 17. 7 50 13 123.2 15 124.6 13 122.9 13 65.2 39.6 48.1 34.1 49.0 19.5 41.8 58.3 86.7 32.8 110.4 154.3 46.6 35.5 166.5 197.4 15.2 16.9 51 11 122.9 11 125.2 11 123. 1 10 65.3 38.8 46.4 34.4 49.4 18.7 40.8 57.0 85.6 32.7 . 111.4 154.3 46 .2 34.9 166.5 196.9 15.5 17.0 52 9 122. 7 9 124.2 9 121.9 9 64.8 38.6 47.4 34.5 49.1 19.2 41.1 57.4 86.6 32.6 111.4 154.4 46.4 35.7 167. 2 199.5 15.3 17.0 53 9 122.8 9 124.9 10 122.5 10 65.5 38.6 48.7 33.9 48.9 19.4 41.4 68.6 84.2 35. 6 111.5 153. 9 46.2 35.4 167.3 204.4 15.3 16.9 54 11 123.9 7 i24.1 6 122.4 5 64.7 38. 6 48.8 33.6 50.9 19.1 41.7 61.1 83. 7 39.4 111.0 154.7 46.7 3U 164.6 203.0 15.4 17.2 55 6 123.1 5 124.6 4 122.7 5 63.4 36.5 47.4 33. 2 62.1 18.9 41.8 60.7 84.7 38.8 110.0 153.7 46.7 33.8 166.0 194.4 15.4 17.1 56 4 120. 2 4 124.3 4 121.4 4 63.9 43.0 47.0 33.7 50.4 19. 42.3 59.8 82.7 33.8 108.7 150.3 45.9 33.9 166.6 198.0 15.2 17.2 57 4 125.6 6 127.9 4 125.5 4 66.7 40.8 48.5 34.0 52 . .1 19.3 43.4 59.0 81.5 39.6 112.4 158.0 48.8 37.4 172.5 208.5 16.0 17.9 58 2 123.2 4 124.8 2 122.0 2 64. 9 36.8 45.5 33.0 51.0 20.3 42.2 60.0 77 .0 35.0 112.5 156.8 47.5 34.8 165.0 198.5 15.7 17.5 59 4 123.0 4 124.2 3 121.6 3 64. 4 39.3 46.3 30.6 50.4 19.8 42.2 62.5 81.5 36.5 113.7 157.5 46.5 36.5 166.2 206.7 15.8 17.0 60 10 125.8 6 126.2 3 121.7 5 67.1 40.9 48.1 33.4 49.9 19.1 43.2 60.3 82.8 35. 0 112.8 154.4 47. 6 35.1 17!.5 205.4 16.2 17.4 
- - -~---- -
•No. nnimnls for 4 to 21 inc1usirc. 
1 2 3 4 
Height at Depth of chest 
Height at highest point Height at jUBt behind 
Age wthers of croup hip points elbow joint 
------
--
----------
No. No. No. No. 
Ani· Ani- Ani- Ani-
mos. mala em. mala em. mala om. mala em. 
--------------
--
Birth 11 70.4 6 74.1 6 73.5 6 28.4 
1 20 76.9 8 80.6 13 79.3 8 32.3 
2 23 81.8 7 85.1 14 85.3 7 35.0 
3 25 86.6 7 89.8 14 89.8 7 38;1 
4 23 92.0 8 95.8 15 94.6 8 41.7 
5 29 96.3 8 100.5 15 99.8 8 44.6 
6 36 100.1 14 104.6 20 103.9 14 46.9 
7 37 102.3 19 106.3 25 105.4 20 47.8 
8 39 104.6 23 108.3 25 107.8 22 49.2 
9 41 106.9 22 111.5 27 110.4 23 50.9 
10 41 109.9 22 114.1 23 112.4 22 52.7 
11 44 110.8 24 115.1 26 113.8 25 53.2 
12 47 112.6 24 116.8 27 115.2 25 54.5 
13 48 114.4 24 118.9 27 117.4 24 55. 7 
14 46 116.0 26 119.7 28 118.7 26 55.9 
15 46 117.3 27 120.9 28 119.7 27 57.9 
16 47 118.9 28 122.7 30 121.1 28· 58.7 
17 47 119.9 29 123.7 31 122.1 29 59.3 
18 47 120.9 27 124.2 29 122.9 27 60.6 
19 49 . 121.8 30 125.4 31 123.9 29 60.9 
20 49 123.3 30 126.8 30 125.2 29 62.0 
21 50 124.1 28 126.8 30 125.4 28 62 . 1 
22 49 125.1 27 127.8 30 126.4 27 62.9 
23 46 125.7 26 129.6 29 127.9 26 64.0 
TABLE 6.-DATA OF SKELETAL GROWTH, HOLSTEIN CATTLE 
(Missouri Data) 
5 6 7 8 9 10 ll 12 13 
Width Length 
of ch011t {rom From 
just be- poll to Circum .. highest 
hind el· point ference Length point of From 
bow Width Width of ofmuz. from withera aline 
joint of. hips of loins munle Width zleat base of toallne between 
----
----
of fore- opening horns to between hipeto 
h"l"' of mouth withers thebipa the tail 
---------------
em. em. em, em. em. em. em. om. em. 
-----------
--- ------
16.8 16.2 12.9 23 .2 11.8 21.5 22.0 38.5 15.3 
18.4 18.3 14.9 26.9 13.1 25.4 26.3 43.0 17.1 
21.0 21.0 16.7 29.7 13.9 27.1 30.9 47.9 18.2 
23.7 22.9 17.9 31.0 14.5 28.3 30.6 51.3 19.6 
24 . 1 25.8 20.0 32.7 15.5 30.1 33.0 55.9 21.5 
26.5 29.1 20.9 34.0 15.9 31.5 35.9 58.3 22.9 
27.7 29.8 23 .4 37.4 16.4 32.8 40.1 61.9 26.9 
28.3 30.5 23.1 39.0 16.8 33.7 42.2 62.9 29.2 
28.9 32.1 24 .0 40 .2 16.9 34.9 44.4 65.4 30.8 
30.0 33.6 24.8 41.7 17.5 35.4 44.2 67.1 31.2 
31.5 34. 6 25.3 42.6 17.6 36.2 45.8 68.5 31.9 
31.3 35.6 26.3 43.3 17.6 36.9 46.1 69.8 31.9 
32.6 36.3 26.7 44.3 18.1 37.6 46.2 71.1 32.8 
32.7 37.2 27.0 45.7 18.6 38.3 48.7 72.3 34.2 
33.9 38.3 28.2 46.2 19.1 39.0 49.0 73.8 34.3 
34.6 39.3 28.4 47.3 19.1 39.6 49.4 75.1 34.9 
34.7 39.9 28.6 49.1 19.7 40.2 50.6 76.1 36.5 
35.8 40.8 29.4 49.1 19.6 40.7 52.4 77.0 36.9 
36.3 41.5 29.6 49.3 20.1 41.1 53.2 76.6 37.5 
36.9 42 .2 29.9 50 .0 20.0 41.4 52.9 78.4 38.4 
37.2 43 . 1 30.7 50.6 20.0 42.0 53.9 80.3 38.3 
37.9 43.5 30.8 51.3 20.3 42.2 54.2 80.2 39.0 
37.5 i3.4 31.2 61.3 20.2 42.3 53.0 82.7 38.6 
39.3 45. 3 32.0 52 .5 20.5 43.2 54 .7 83.5 38.9 
14 15 16 17 18 19 20 21 
From 
From f Heart point o 
point of From hips di- girth Girth Smallest 
shout- point of From rectly just be- of oircrum£erencc 
ders shout. point of for· hind el- paunch of shinbone 
to point dersto hipeto ward to bow a tend of Fore Hind 
of hips ischium Ischium last rib joint last rib leg leg 
-------------------
em. em. om. em. em. om. em. em. 
-------------------
50.8 60.0 21.5 13.2 76.2 77.0 10.1 !O. 7 
55.4 76.0 24.1 14.8 8U 90.4 10.5 11.2 
62.3 85.5 25.9 17.0 92.9 111. 6 11.0 12.0 
66. 6 90.4 27.0 18.4 100.7 118.0 11.4 12.5 
71.9 99.5 29.1 20.4 108.4 132.0 12.4 13.5 
76.4 106.0 31.1 21.3 114.0 136.6 13.0 14.4 
83.3 112.9 33.1 22.6 120.8 144. 2 13.2 14.7 
85.3 116.2 34.0 23.7 124.1 147.4 13.8 15.5 
88.3 119.6 35.0 24.9 127.8 153.3 13.9 15.7 
91.3 124.3 35.5 25.3 132.1 156.2 14.2 15.9 
91.8 126.1 36.3 26.2 135.1 159.2 14 .5 16.2 
94.7 128.8 37.0 27 .0 138.0 161.5 14.6 16.6 
95.3 130.0 37.5 27.3 140.6 164.7 15.0 17.0 
98.3 133.7 38.8 28.0 143.7 166.9 15.2 17.4 
99.9 136.1 39.5 28.4 145.2 169.5 15.3 17.4 
100.4 137.8 40.3 28.6 148.4 172.4 15.1 17.7 
102.2 141.3 40.8 29.2 150.7 172.9 15.9 18.0 
103.5 142.8 41.1 29.1 153.6 177.7 16.2 18.4 
103 . .9 144.2 41.6 29.7 155.6 177.9 16.3 18.5 
105.3 145.2 42.1 29.9 157.4 181.7 16.6 18.7 
106.0 146.7 42.7 30.4 160.1 185. 6 16.7 19.0 
108.2 149.4 43.3 30.5 161.3 186.5 16.8 19.1 
108.7 151.0 43.6 30.3 162.2 189.2 16.9 19.1 
109.0 151.6 44 .2 30.9 166.1 193A 17.2 19.5 
24 43 126.7 25 129.6 28 128.1 25 64.2 39.1 45.8 32.1 62.0 20.1 43.1 63.8 84.6 38. 0 111.8 152.6 4U 31.0 166.3 195.6 17.1 19.4 
25 38 127.4 22 130.1 18 128.7 22 64.9 36.8 46.8 32.8 51.11 20.0 43.0 55.8 85.4 36.9 111.9 163.6 44 .5 32.1 .167.4 197.1 17.2 19.4 
26 40 127.6 23 130.7 19 128.7 23 65.8 39.9 47.6 33.6 52.5 20.4 43.4 56.7 86.9 38.0 ~14.7 156.9 45.2 31.9 170.3 201.0 17.2 19.6 
27 38 128.3 23 130. 8 18 128.7 23 65.8 40.3 47.6 33.7 52.6 20.3 44.3 55.3 86.6 37.2 113.1 156.1 45.1 32.5 .170.7 201.0 17.4 19.6 
28 35 128.9 22 131.9 19 129.3 22 66.3 41.6 48.1 34.2 52.6 20.3 43.9 63.8 88.9 36.8 114.4 157.3 45.3 32.1 171.2 201.7 17.4 19.6 
29 32 129.3 18 131.0 18 129.9 10 66.1 40.6 48.6 34.3 52. 0 19.9 44.4 56.0 89.2 36.7 115.1 157.7 45.7 32.4 172.8 203.0 17.3 19.6 
30 34 130.4 19 133.0 19 130.7 19 67.5 41.6 51.1 35.4 62.0 19.8 44.3 55.1 90.5 35.0 114.8 158.1 46.4 33.3 174.9 206.4 17.6 19.6 
31 21 129.9 18 133.0 18 131.2 18 67.7 41.9 49.6 35.8 52.0 19.4 44.1 53.6 90.5 34.0 115.2 158.2 46.6 35.6 175.0 205.5 17.3 19.5 
32 17 130.1 16 133.1 16 131.2 16 68.2 41.9 50 .3 36.2 51.8 19.7 44.7 54.5 92.3 33.3 115.5 159.9 46.6 33.9 176.7 211.7 17.3 19.5 
33 29 131.1 17 133.5 17 131.3 17 68.5 42.7 50. 7 36.3 52.1 19.8 44 .9 63.1 92.9 33.4 115.9 160.2 47.9 35.1 177.8 214.5 17.2 19.7 
34 16 130.7 15 133.3 15 131.4 15 67.9 42.0 50.7 36.2 52.0 19.6 44.7 55.5 92.4 33.3 115.5 159.3 46.9 33.8 176.9 212.6 17.1 19.4 
35 17 130.6 17 133.5 17 131.5 17 68.5 42.7 50.7 36.2 52.3 19.7 44.6 65.4 93.1 34.0 115.8 160.5 47.1 35.3 176.0 211.1 17.2 19.6 
36 30 131.6 15 133.7 15 131.8 15 68.4 40.6 50.7 35.9 52.1 19.7 44.4 63.7 94.9 32.9 117.8 162.6 47.0 35.2 174.7 206.8 17.2 19.6 
37 16 131.0 16 134.1 15 131.7 15 68.5 39.7 50.6 36.1 51.8 19.7 44.4 55.7 93.4 32.5 116.1 160.9 47.3 35 . 0 175.7 203.4 17.2 19.6 
38 15 131.3 13 133.9 12 131.8 13 68.6 41.5 51.0 36.1 52.0 19.3 44.4 55.1 94.9 32.3 115.0 159.4 47.0 35.1 174.9 204.9 17.0 19.5 
39 17 131.1 13 134.1 13 132.2 14 69.3 42.7 51.6 37.2 51.9 19.4 45.8 54.4 95.5 32.7 116.0 160. 8 47.8 34.5 176.7 201).9 17.4 19.6 
40 16 131.4 13 134.0 13 132.1 13 68.6 42.4 51.0 36.4 52. 1 19.6 45.1 55.3 94.2 33.0 115.2 161.4 47.6 34.2 176.0 205.5 17.5 19.7 
41 16 131.5 11 133.8 12 131.6 12 69.4 43.2 51.7 36.4 52.3 19.1 45.7 53.4 93.6 33.6 116.8 160.5 47.7 35.5 . 178.6 20il.O 17. 5 19.6 
42 29 132.9 13 133.9 13 131.9 13 69.7 42.8 52.2 37.5 52.6 19.5 46.0 55 .9 95.7 33.5 117.9 163.1 48.4 34. 2 180.4 213.5 17.5 19.6 
43 17 132.2 13 133.8 13 131.9 13 69.0 41.9 51.7 36.6 52.4 19.4 45.2 58.3 92.8 33.6 116.5 161.8 48.2 34.0 .177 .6 206.7 17.3 19.6 
44 13 131.1 12 133.4 12 131.0 12 69.0 42.8 52.0 36.9 51.9 19.4 46.2 58.2 94.0 34.0 115.0 160.5 48.0 34.9 177.2 210.1 17.4 19.6 
45 13 131.7 "12 134.0 13 132.2 13 69.6 42.7 52.9 37.6 52.6 19.1 46.6 60.4 93.5 33.2 116.8 162.8 47.9 34.0 180.1 213.7 17.5 19.6 
46 14 131.9 14 134.7 12 132.0 13 70.0 44.8 61.7 37.9 52.9 19.3 46.7 58.5 94.1 33.3 115.7 162.9 49.1 35.0 183.7 219.8 17.6 19.7 
47 15 131.4 10 132.9 12 131.8 10 69.3 42.9 63.0 38.3 52.2 19.4 45.8 59.4 93.3 34.9 117.1 183.0 49.5 35.7 181.5 220.3 17.4 19.7 
48 26 133.1 12 134.1 12 133. 1 12 70. 2 44.9 53.3 38 .1 52.9 19.4 46.8 60.7 93.9 36.1 116.1 163.8 49.2 34.8 183.0 216.2 17.4 19.8 
49 14 131.2 11 134.8 11 132.1 11 69.7 44.1 52.7 37.9 63.1 19.0 46.4 61.8 93.5 36.6 117.2 163.5 49.2 34.8 181.9 218.0 17.4 19.4 
50 10 131.2 9 133.4 9 136.5 9 69.3 43.7 53.0 38.2 52.5 19.4 45.8 60.7 93.3 36.8 116.7 164.3 49.0 35.5 181.6 212.2 17.2 19.6 
51 10 132.6 9 134.7 9 132.9 9 70.1 44.6 63.7 38.5 52.8 19.4 46.8 62.5 94.8 36.2 119.0 165.0 49.4 34.5 181.7 214.7 17.5 19.7 
52 10 132.9 9 135.9 9 134.7 9 70.8 43.1 63.5 38.1 53.2 19.8 46.3 60.6 96.8 35.4 119.2 166.1 50.0 36.3 183.5 214.7 17.6 20.0 
53 4 130.8 6 133.4 6 131.3 6 69.9 42.9 64.2 39.7 52.7 19.3 46.8 61.5 94.3 36.2 115.7 164.5 48.1 34.6 181.1 211.4 17.5 IY.1 
M 14 134.6 5 134.2 5 132.4 5 70.6 44.8 54.1 39.7 52.7 18.7 46.8 62.3 96.4 33.2 118.0 164.3 48.3 35.7 183.4 214.7 17.4 19.5 
55 6 134.4 6 136.2 6 133.4 6 70.8 43.3 54.2 39.9 53.1 20. 2 47.1 61.3 97.2 33.7 118.4 165.9 49.4 36.4 184.0 219.4 17.6 20.1 
56 4 132.1 4 133.8 4 132.0 4 70.3 44. 4 52.9 39.3 53.3 19.0 47.2 62.7 94.0 34.0 117.1 164.8 50 .2 35.7 181.9 213.7 17.5 19.6 
54 3 129.3 3 131.8 3 130.2 3 69.7 45.7 54.4 40.2 52.2 19.3 48.6 66.3 92.5 39.2 121.0 168.2 49.5 34.3 183.5 221.0 17.4 19.3 
58 5 133.3 5 134.0 5 132.0 6 70.8 44.3 05.4 39.5 53.5 19.8 4.6.6 62.3 93.4 37.0 118.3 165 .7 4.9.3 33.8 182.0 225.5 17.4 19.4 
59 4 135.2 3 136.7 3 134.6 2 69.3 42.2 53.1 38.9 63.2 19.8 48.3 66.3 96.2 40.3 109.0 168.8 49.8 35.2 184.0 218.0 18.1 20.1 
60 .. . . ~ .. .. . .... .. ..... .. . ... ..... 00005 . .... . .. .. 
No. animals for 4 to 2llnclusive. 
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TABLE 7.-GROWTH IN HEIGHT AT WITHERS OF BuLL CALVES (Missouri Data) 
Age Holsteins Jersey 
Months 
Birth Number Animals Height-Cm. Number Animals Height-Cm. 
Birth 45 7S .4 32 67 . 6 
I 4S 79 . 1 30 77 . 2 
2 42 84.1 31 76.7 
3 38 90.4 29 83 . 3 
4 40 9S .4 28 89.7 
5 38 100.7 28 94 . 6 
6 36 104.9 28 98 . 6 
7 32 108.2 24 101.4 
8 29 110 .9 22 103 . 8 
9 28 114.9 22 107.2 
10 22 117.3 20 109.0 
II 21 119 . 0 15 Ill. 3 
12 17 122 . 1 14 113. 3 
13 IS 124.1 II 114 . 7 
14 13 126.7 8 114.0 
15 12 12S .5 8 116.9 
16 II 129.1 5 liS . 7 
17 8 130 .9 s 119.0 
18 7 129.4 s 120 .4 
19 7 131.7 3 121.1 
20 6 133.0 3 124.1 
21 6 13S.4 3 125.0 
22 6 136.0 2 126 . 3 
23 6 137.7 2 124.. 1 
24 4 137.6 I ll4 . 3 
25 4 138.S I 126.6 
26 4 139.S 1 127 .I 
27 3 142.0 1 131.6 
28 I 141.8 I 131.6 
29 I 142.2 
-- -----
10 
Fig. 10.-The points of anatomy and the measurements taken of the cows referred to in Tables V. and VI. 
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Fig. 12.-The relation between growth in weight and growth in height at withers, in 
Holotein and Jersey cattle at different ages. The ages are indicated by numerals on the chart. 
Thi• chart makes it po80ible to determine the weight of an animal by measuring ito height at 
withers; also to determine whether a given animal has the proper weight for its height and age. 
TABLE 8.-AoE-CHANGES IN Foon CoNSUMPTION IN DAIRY CATTLE NOT oN PASTURE (SEcTioN I) 
HOLSTEIN, MALES HOLSTEIN, FEMALES 
D aily feed consumption, lba. Food equivalents Daily feed consumption, lbs. Food equivalents 
-- --- --
Milk Digestible Milk Digestible 
No. Weight dry energy crude No. Weight dry energy crude 
Age animals lbs. grain hay whole skimmed matter value protein animals lbs. grain hay whole skimmed matter value protein 
------------- -------
lbJ. caloriu lbJ. lbJ. caloriu lbJ. 
2 wks. 18 108 
---- -- --
9.0 
-- --
1.22 2700 .296 H 103 .03 
--- -
9.0 
-- --
1.24 2600 .298 
3 wks. 20 113 .20 .16 9.6 
----
1.64 3040 .360 16 109 .16 .09 9.0 
----
1.44 2750 . 328 
i wks. 20 128 .29 .25 10.2 
--- -
I. 87 32<10 .399 16 122 .28 .26 9.1 0.5 I. 78 3010 .388 
5 wks. 21 132 .46 .44 7.9 3.0 2.18 3220 .476 16 126 .43 .44 5.3 .54 2.05 3800 .480 
6 wks. 20 139 .so .so 3.8 7.9 2.20 2790 . 525 16 138 .47 .46 2.0 7 .I 2.12 2700 .510 
7 wks. 20 ISO .69 .65 1.9 10.8 2.52 2820 .605 15 145 .66 .62 1.6 10.6 2.42 2700 .595 
8 wks. 20 167 .91 .88 .8 12.7 2.98 3410 .693 IS 158 .90 .87 0.5 13.1 2.94 2980 .705 
3 mos. 18 222 1.69 1.66 
----
16.2 4.6 4170 .975 16 201 1.62 I. 55 
---
15.4 4.4 3980 .950 
4 mos. 18 277 2.61 2.60 
-- --
16.8 6.4- 5300 1.23 15 251 2.34 2 . 32 
---
16.0 5.8 4880 1.16 
5 mos. 17 343 3 . 33 3.30 
----
17 . 2 7 . 7 61SO 1.39 IS 312 3.16 3.16 
---
16.6 7. 3 S870 1.39 
6 mos. 13 399 4 .20 4.20 
-- --
17 .9 9.4 7200 1.62 IS 351 3.87 3.82 
---
IS .2 8 .5 6450 1.5 1 
7 mos. 9 403 4.80 4.80 
----
5.3 9 .2 5000 1.22 12 389 4.69 4.67 
---
3.8 8.8 5650 I. 21 
8 mos. 7 480 5.44 5.44 
----
0.8 9.9 6060 1.19 12 423 5 .12 4.80 
---
0.9 9.0 5600 1.17 
9 mos. 7 511 6.01 6. 71 
---- ----
10.9 6580 1.28 10 459 5.03 4.89 
--- ----
8 .9 54 SO 1.14 
10 mos. 7 558 6.62 6.60 
---- -- --
11.9 7240 1.42 9 497 5.38 5.28 
---
----
9.6 5850 1.22 
11 mos. 5 619 7.38 7.44 
---- ----
13.3 8080 1.57 9 525 5.24 5.16 
--- -- --
9 .4 5700 1.19 
12 mos. 5 673 7.92 7.92 
---- ----
14.2 8650 1.68 7 557 5.66 5.61 
--- ----
10.1 6160 1.29 
13 mos. 3 721 7.88 7.88 
---- ----
14.1 8600 1.87 6 569 6.30 6.37 
--- ----
11.4 6900 1.45 
14 mos. 2 769 8 . 78 8. 78 
---- -- --
IS . 8 9590 
----
3 591 7.19 7.64 
--- ----
13.3 8000 1.69 
15 mos. 
-- --- ---- ---- --- - --- ----
--- - ----
3 617 6.93 7.23 
--- - - -
12.7 7700 1.62 
16 mos. 
-- --- ---- ---- ---- --- - ----- ----
-- - -
2 649 7.10 7.55 
--- ----
13 . 2 7900 1.68 
17 mos. 
--- --- ---- ---- ---- ----- ----- ----
----
I 695 8.36 9.40 
--- ----
16.0 9500 2 .03 
18 mos. 
-- --- ---- ---- --- ---- ----- ---- ----
3 698 8.36 8. 71 
--- ----
15.4 9230 1.95 
19 mos. 
-- --- ---- ---- ---- ----- ----- ----
----
3 736 8.77 9.25 
--- ----
16.2 9780 2.06 
20 mos. 
-- --- ---- ---- ---- ---- - ----- ---- ----
2 680 7.55 7.88 
--- ----
13.8 8350 1. 76 
21 mos. 
-- --- ---- ---- ---- ----- ----- ---- ----
2 740 8.50 9 .00 
--- ----
15.7 9500 1.99 
22 mos. 
-- --- ---- ---- ---- ---- -----
---- ----
2 771 9.28 9 . 31 
--- ---
16.7 10100 2.21 
TABLE 8 (SECTION 2) 
JERSEY, MALES JERSEY, FEMALES 
Daily feed consumption, lbe. Food equivalents Daily feed consumption, lbe. Food equivalents 
--- -- -----
Milk Digestible Milk Digestible 
No. I Weight I I ~-~ dry energy crude No. Weight dry energy crude ~~~ ~ grain __:::.._ whole skimmed matter value protein animals lbs. grain hay whole skimmed matter value ptotein 
------- -----
/hs. caloriu lhs. lhs. taloriu lbJ. 
2 wke. 13 68 
----
---- I . 7.0 
-----
.95 2010 .237 11 68 
---- ----
6.0 
---
. 82 1740 .197 
3 wke. 13 77 .03 .01 7.5 
-----
1.05 2390 . 251 11 70 .02 .01 6.4 
----
.90 1870 .215 
4 wka. 11 86 .20 . 20 8.1 
-----
1.45 2470 . 303 11 74 .09 .07 6.9 
---
1.10 2100 . 241 
4 wks. 11 83 .33 .32 8.4 
-----
1. 75 . 2800 .356 11 76 . 18 .IS 7.6 
---
1.38 2410 .295 
6 wks. 11 97 .41 .40 8.5 .30 1.91 2950 .382 11 83 .28 .26 7.2 1.0 1.56 2520 .238 
7 wks. 10 100 .45 .45 8.0 2.1 2.11 3100 . 447 12 91 .42 .40 4.8 4.4 1.84 2500 .416 
8 wks. 10 116 .45 .45 6.3 4.2 2.08 2920 .465 12 102 .48 .47 4.5 4.5 2.02 2640 .461 
3 moa. 9 IS ~ .94 .92 1.6 11.5 3.0 3130 .625 12 133 .82 . 82 1.0 11.7 2.8 2870 .640 
4 mos. 8 205 1.67 1.62 
----
15.6 5 .l 6360 .950 10 174 1.6 1.5 
----
15.5 4.3 3930 .915 
5 moe. 7 260 2.50 2.50 
----
16.6 6.1 SIS!i 1.18 9 217 2.1 2.1 
----
16.4 5.4 4630 1.07 
6 moa. 6 315 3.23 3 . 24 
----
16.7 7.5 597d· 1.36 9 262 2.6 2 .6 
-- --
16.3 6.4 5240 1.20 
7 mos. 3 320 3 . 38 3.38 
----
14.2 7.5 5730 1.24 9 304 3 . 2 3.2 
----
9.7 6.7 4860 1.010 
8 mos. 3 364 3.80 3.80 
----
6 . 8 7.5 5130 1.08 9 331 3.9 3 . 9 
----
2.1 7.2 4500 .895 
9 moa. 
---- ---- ---- ---- ---- ----- ---- ---- ----
9 347 4.0 4 . 1 
----
.2 7.3 4430 .87 
10 moa. 
---- ---- ---- ---- ---- ----- ---- ---- ----
7 385 4.6 4.6 
---- ----
8.3 5040 .98 
11 mos. 
---- ---- ---- ---- ---- ----- ---- ---- ----
3 438 4.6 4 .9 
---- ----
8.6 5150 1.02 
12 mos. 
---- ---- ----
........ 
---- ----- ---- ---- ----
6 399 4.6 4.7 
---- --- -
8.4 5080 .99 
13 mos. 
---- ---- ---- ---- ---- ----- ---- ---- -- --
4 442 4 . 7 5.0 
---- ----
8.8 5250 1.03 
14 mos. 
---- ---- ---- ---- ---- ----- ---- ---- ----
5 482 4.8 5 .0 
---- -- --
8.8 5310 1.05 
15 mos. 
---- ---- ---- ---- ---- ----- ----
_. ___ 
----
5 499 5.3 5.3 
---- ----
9 . 5 5780 1.13 
16 mos. 
---- ---- ---- ---- ---- ----- ---- ---- ----
5 506 5.4 5.5 
---- ----
9.9 5980 1.16 
17 mos. 
---- ---- -- -- ---- ---- ----- ---- -- -- ----
3 324 6.0 6.2 
---- ----
11.0 6600 1.30 
18 moa. 
---- ----
----j---- ---- ----- ---- -- -- ---- 4 542 6.4 6.6 ---- -- -- 11.4 6740 1.34 19 mos. 
---- ---- ---- ---- ---- ----- ---- ---- ----
2 566 6 . 1 6.8 
---- ----
11.6 6860 1.36 
20 mos. 
21 mos. 
22 mos. 
Age 
1 wk 
2 wk 
3 wk 
4 wk 
5 wk 
6wk 
7 wk 
8 wk 
3 mos 
4 mos 
5 mos 
6 mos 
7 mos 
8 mos 
9 mos 
10 mos 
11 mos 
Age 
1 wk 
2 wk 
3 wk 
4 wk 
5 wk 
6wk 
7 wk 
8 wk 
3 mos 
4 mos 
S mos 
6 mos 
7 mos 
8 mos 
9 mos 
10 mos 
11 mos 
GROWTH AND DEVELOPMENT I 
TABLE 9.-AoE-CHANGEs IN Foon CoNSUMPTION OF DAIRY CATTLE 
HoLSTEIN FEMALES 
35 
Daily feed consumption, lb s. Food equivalents 
Body Milk energy 
Weight dry value 
lbs. grain hay whole skimmed matter calories 
94.5 
---- ---- ---- ---- ---- ----
102 .07 .014 8.34 
----
1.215 2.480 
107 .27 .09 8.51 
----
1.476 2.703 
111.5 .36 .29 9.19 
----
1.834 3.041 
121.2 .40 .43 3.19 8 .0-! 1. 975 2.529 
129.2 .49 .46 1. 90 9.44 2.040 2.429 
138 .69 .63 
----
12.51 2 . 431 2.535 
150.5 .82 .79 
----
13.70 2.796 2.851 
187 1.75 1.55 
----
16.1 4.539 4.162 
240.7 2.28 2.22 
----
16.16 5.652 4.817 
292 3.15 3.15 
----
16.54 7.469 5.989 
342 3.92 3.91 
----
14.22 8.457 6.372 
378 4.67 4.89 
----
6.17 9.206 5.050 
417.5 5.06 4.96 
----
1. 75 9.181 5.741 
452 4.76 4.77 
---- ----
8 . 568 5.202 
486 5.26 5.18 
---- ----
9.384 5.717 
525 5.81 5 .85 
---- ----
10.484 6.359 
Av. for the same 6 animals 
TABLE 9.-AGE-CRANGES II< Foon Col!SUMPTION OF DAIRY CATTLE (Continued) 
HoLSTEIN MALEs 
Digestible 
crude 
protein 
----
.288 
.329 
.386 
.498 
.521 
.618 
.694 
.994 
1.147 
1.411 
1.494 
1.314 
1.211 
1.091 
1.196 
1. 335 
Daily feed consumption, lbs. Food equivalents 
Body Milk energy Digestible 
Weight dry value crude 
lbs. grain hay whole skimmed matter calories protein 
98.5 
---- ---- ---- ---- ---- ---- ----
110.5 
---- ----
8.37 
----
1.138 2.426 .276 
123 .19 .143 9.54 
----
1.600 2.960 .358 
129.4 .29 .27 10.35 
----
1.906 3.310 .411 
137 .43 .39 8.29 2.90 2.150 3.279 .481 
145 .6 .so .49 3.43 8.67 2.213 2.782 .549 
158 .71 .70 1.5 11.64 2.628 2 . 884 .646 
166 .88 .88 
----
14.20 3.007 3.015 .734 
228 1.68 1.65 
----
16.88 4.671 4.268 1.026 
284 2.46 2.42 
----
17.68 6.157 s . 248 1.251 
353 3.26 3.21 
----
19 .08 7. 721 6.328 1.500 
400.3 4.22 4.22 
----
18.00 9.395 7.257 1.708 
440.7 4.70 4.70 
----
4.32 8.874 5.749 1.231 
481 5.44 5.44 
----
0.80 9.856 6.052 1.274 
507 6.01 6.06 
---- ----
10.853 6.579 1.382 
551 6.61 6.60 
---- ----
11.879 7.219 1.513 
599 7.37 7.39 
---- ----
13.271 8.055 1.690 
Av. for the same 7 animals 
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TABLE 9.-AGE-CHANGES IN FooD CoNSUMPTION OF DAIRY CATTLE (Continued) 
}ERSEY FEMALES 
Daily feed consumption, lbs. Foo-d equivalents 
Milk energy Digestible 
Weight dry value crude 
Age lbs. grain hay whole skimmed matter calories protein 
1 wk 62 
---- ---- ---- ---- ---- ---- -- --2 wk 68.4 
---- ----
5.66 
----
.770 1.642 .1 87 
3 wk 70 
---- ----
6.32 
----
.875 1.846 .211 
4 wk 77 .OS .04 7.16 
----
1.057 2.130 .248 
5 wk 81.2 .19 .16 7 .65 
----
1.349 2.415 .296 
6 wk 86.6 .30 .27 6.23 2. 29 1.595 2.463 .361 
7 wk 95 .57 . 43 3.29 6.23 1.863 2.342 .445 
8 wk 104 .51 .49 3 . 89 6 . 75 2.094 2.650 .497 
3 mos 134.2 .87 . 87 0 .56 11.84 2 . 810 2 .816 .662 
4 mos 170 1.4 1.41 
----
15.44 4.060 3.76-i .908 
5 mos 216 2.0 2.0 
----
16.3 5.216 4.547 1 ,088 
6 mos 257.6 2.65 2.65 
----
16 .37 6.400 5.281 !. 255 
7 mos 299.4 3.10 3.10 
----
13.56 6 . 917 5.323 1.198 
8 mos 335.4 3.98 4.06 
----
3. 74 7.604 4.909 1.054 
9 mos 346 3.99 4.06 
----
.29 7 . 263 4.421 .931 
10 mos 379.8 4.42 4.40 
---- ----
7.927 4.820 1.100 
Av. for the same 5 animals 
TABLE 10.-Fooo REQUIRED FOR ONE PouND OF GAIN IN LIVE WEIGHT 
Holstein Males Holstein Females Jersey Females 
--
Dry Digestible Dry Digestible Dry Digestible 
Energy matter crude prot. Energy matter crude prot. Energy matter crude prot. 
Age per pound per pound per pound per pound per pound per pound per pound per pound per pound 
Weeks gain gain gain gain gain gain gain gain gain 
cal orin lbs. lbs. calori~s lbs. /hs. raloriu lbs. lbs. 
2 1410 .66 .16 2310 1.1 .27 1910 .90 . 22 
3 1660 .69 .20 3780 2 .1 .46 6460 3.1 .H 
4 3800 2.2 .48 4730 2.9 .60 2130 1.1 0 25 
5 2870 1.9 .43 1820 1.4 . 36 4220 2.4 .52 
6 2100 1.7 .43 2120 1.8 .46 2870 1.9 .42 
7 1680 1.5 .38 2010 1.9 .49 2050 1.6 0 39 
8 2640 2.6 .64 1590 1.6 .39 2320 1.8 .43 
Months 
3 2070 2.3 .50 3420 3.8 .82 2820 2.8 .67 
4 2810 3.3 .67 2690 3.2 .64 3140 3.4 .76 
5 2780 3.4 .65 3510 4.4 .83 2970 3.4 .71 
6 4640 6.0 1.1 3830 5.1 .90 3780 4.6 .90 
7 4210 6 .0 .90 4210 7 . 7 1.10 3810 5.0 .86 
8 4540 7.4 .96 4360 7 .0 . 92 4090 6. 3 . 88 
9 7600 12 .5 1.6 4530 7.5 .95 1200 19 0 8 2.50 
10 4930 8.1 1.0 5050 8.3 1.1 4260 7.0 .89 
11 5040 8.3 1.1 4900 8.1 1.0 
----
_,.. __ 
----
Av. for the same 7 animals Av. for the same 6 animals Av. for the sa me 5 animals 
GROWTH AND DEVELOPMENT I 
1 
.a 
.6 
)f\ 
~ 
-I 
lj 
~ ~ 
I 
;1. 
t IY 
>f 
~ 
v / 
v 
/) 
l' 
II 17 
~ ~ 
~ v 
v 
.< 
v...,...... ~"\. (~ 
~ ~ ~ ~ 
/ v ~ 
A. ~~ 
~ 
1/ ..... 
"""' /J v lc<t. 
V/, .)~ UP1 lflL:<" 
v .~,..;: ~ 
v ~ ~ ~ 
A ~ ~ ~ ~ 
v v v Bo y, 
v 
Mos. o 2 4 '6 8 
Age 
o[;(\ 
,c,\,~  
~ I;'@ ~ · 
~ ~~"\] 
r)':P 
~ ~ t\ 
t'(\J ...... 
1.-" 
~ 
·op 
~ v 
~p 
v 
~e1 ~i 
10 12 
fo1fu 
fiX) 
600 
500 4-J 
400~ 
, ....... 
~0~ 
€ 
200 ~ 
100 
ro 
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1. Age Changes in Milk and Butterfat Yield.-Data on age changes in 
the rate of milk secretion as obtained in this country are presented in Table 11. 
Some data obtained in Denmark and kindly transmitted to us by Dr. W. L. 
Gaines, are presented in Table 12. Some of these data are also presented in 
graphic form (Figs. 15 to 22). 
Additional data and other information on age changes in milk secretion 
may be found in the papers by Eckles, Gaines, Gowen, Holdaway, Mc-
Candlish, Pearl, and others. (For references see bibliography at the end of 
this bulletin.) 
The data for Danish cattle (Table 12 and Fig. 21) deserve special con-
sideration since, according to Dr. Gaines, the data "pertain to the same group 
of cows through life and do not depend upon statistical principles in securing 
the data by means of averages of different groups of cows at different ages." 
A word is called for in explanation of the column in Tables 11 and 12 
marked "percentage". For purposes of comparing milk yields of cows of 
different ages, it is customary to convert the observed milk yields to their 
"mature equivalent values". Unfortunately the normal mature (i.e., maxi-
mum) production is not definitely known, since (I) the population of cows 
rapidly decreases after the age of two years, and (2) the surviving population 
becomes increasingly selected because of the disposal of the less desirable 
animals, or at least because of the unavailability of the production records of the 
less desirable animals. For these reasons it may be better to take the value 
for milk secretion during the first lactation (which normally occurs between 2 
and 3 years) as a base, or a common denominator, instead of the "mature 
value". In harmony with this suggestion, the data in Tables 11 and 12 are 
also presented in terms of percentages of milk yields between 2 and 3 years. 
This method insures a fairly realiable base, including as it does, the largest 
number of relatively unselected animals for any age. This method also sim-
plifies the work of estimating the future milk production. Thus, if column 1, 
Table 11 is chosen for predicting future milk yields, it is seen that the yield 
during the second lactation (3 to 4 years) is 110 per cent of the first lactation; 
the yield during the third lactation (4 to 5 years) is 119 per cent of the first 
lactation and so on; therefore, the estimated yield of the animal under con-
sideration during the second lactation is obtained by multiplying the yield 
during the first lactation by 1.10. The yield for the third lactation may be 
similarly predicted by multiplying the first year's yield by 1.19 and so on for 
the other lactation periods. Figs. 22 and 23 have some interest in this con-
nection: 
2. Age Changes in Butterfat Percentage.-Some data compiled in this 
department by C. W. Turner, 1924, appear in Table 13. The changes, while 
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fairly consistent, are relatively slight, not affecting appreciably the total fat 
production. 
3. Time Changes in Milk Secretion with the Advance of the Period of 
Lactation.-The hypertrophy of the mammary gland becomes conspicuous 
about the middle of the period of gestation, and, by regular stripping, milk 
of a fairly normal composition may be obtained from a primipara, or a "dry" 
animal at this time as shown in Fig. 2B. 
This however, is only of theoretical interest. From a practical point of 
view, the period of lactation may be divided into three stages: 
a. Colostrum period, lasting 2 to 4 days following parturition. 
b. Phase of increasing milk yield lasting 10 to 40 days following calving. 
c. Phase of decreasing milk yield beginning from 10 to 40 days following 
calving and, under proper management, continuing indefinitely. 
Phase c being the most important practically, may be considered first. 
Numerical data on the declining course of milk yield and changes in the 
percentage of fat with the advance in the period of lactation are presented in 
Table 14 and plotted in Fig. 24. Data on the course of change of feed con-
sumption, milk production and live weight with the advance in the period of 
lactation compiled in this Station by Mr. C. W. Turner, 1924, are presented 
in Table 15A and in Fig. 25. Other valuable data on the relation between feed 
consumption and milk production during various stages of lactation are given 
by Eckles, 1913; Haecker, 1914; Hill et al, 1922; Ross, Hall and Rhode, 1923; 
Gaines, 1924. 
Fig. 24 shows the effect of gestation on milk yield. This is supplemented 
by Fig. 26, based on data in Table 15B compiled in this Station (Ragsdale, 
Turner, and Brody, 1924; Brody, Ragsdale, and Turner, 1923) and Fig. 27, 
based on data compiled at the Illinois Station (Gaines and Davidson, 1926). 
Table 15C presents data as compiled by the Guernsey Cattle Club on the 
effect of gestation on milk yield at different ages. 
Fig. 28, plotted by us from Table 16 shows, in two ways, the change in 
the rate of milk secretion with the advance of the period of lactation at 
different ages. 
Fig. 29 indicates the course of milk yield and feed consumption of a group 
of Holstein cows during the first 60 days (phase b) following calving (C. W. 
Turner, 1924). Fig. 30 indicates the course of milk secretion during 90 days 
following calving (Turner, Ragsdale, and Brody, 1923; Brody, Turner, and 
Ragsdale, 1924). 
Fig. 31 indicates changes in the composition of milk, and changes in the 
properties of its fat, at different stages of lactation. The charts were prepared 
by us from data obtained in this Station by Eckles and Shaw. The 
curves show that while the percentages of fat and protein change together, 
the sugar tends to vary in the opposite direction. Data by Crowther and Rus-
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ton bring out the same facts. It is probable that the sugar (and ash) acts as a 
compensator in the regulation of the osmotic pressure of the milk (cj. Jackson 
and Rothera, 1914). 
Table 14 shows that a decline in the milk yield is accompanied by a rise 
in the percentage of its fat. That is, the total amount of fat yielded tends to 
lag behind the decrease (or increase) of milk yield. This is true of other milk 
constituents as may be inferred from Fig. 32 (Gaines, 1925). Fig. 32 shows 
that when the percentage of fat rises, the percentages of the other constituents 
also rise, but to a lesser degree. The rise in lactose in Fig. 32 is somewhat of a 
surprise to the authors. 
While the colostrum phase of milk secretion (phase a) lasts only three 
days following calving, it has considerable practical and theoretical interest. 
The composition of the mammary secretion changes very rapidly with time 
after calving as shown in Table 17 and in Fig. 33a. The milk and sugar rise; 
the globulin fraction declines with great rapidity to about 7 per cent of the 
initial value by the end of the fourth day (8th milking). The hydrogen-ion 
concentration and buffer value of colostrum is very much greater than of 
milk as shown in Fig. 34. This fact is of importance in pasteurizing colostrum 
(Ragsdale and Brody, 1923). See Lane-Claypon, 1916, for the literature on 
colostrum up to 1915. Since 1915 the following papers published on colostrum 
are of interest: Eckles and Palmer, 1916; Crowther and Raistrick, 1916; 
Howe, 1921 and 1925; Reyman, 1920; Theobald Smith and associates, (Smith 
and Little, 1921; Orcutt and Howe, 1922); Lewis and Wells, 1922; Kuttner 
and Ratner, 1923; Huddleson and Hosely, 1924; Woodman, 1921. 
Eckles and Palmer (1916) have published data from this Department on 
milk secretion during the period of transition from some time preceding to 
some time following calving. We have plotted in Fig. 33b their results as they 
related to milk yield and percentages of heat-coagulable proteins. 
Colostrum appears to be essential for the well being of newly born calves, 
as indicated by the high mortality of calves not receiving colostrum. The 
globulins of colostrum are identical with the globulins of blood serum (Wells 
and Osborne, 1921), and the globulins appear to be absorbed by the calf 
undigested (Mo. Res. Bul. 68, 1924). The increase in the globulin content of 
the blood in the calf as found by Howe and shown in Fig. 35, may be attrib-
uted to this fact. The globulins probably serve to carry immune bodies from 
cow to calf. To substantiate this theory, we have immunized, with the assist-
ance of John B. Nelson, gestating cows against red blood cells of the horse. 
The hemolysins were found in the colostrum (globulin fraction), and also 
in the blood of the calf, but only after nursing colostrum. This has also been 
found by Famulener (1912) for the goat. In addition, we have immunized 
(with the cooperation of Mr. Nelson) laying hens against red blood cells of 
the horse. The white of egg was found to contain hemolysins against horse 
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cells, and after feeding the egg white to newly born calves, the hemolysins 
were found in the blood of the calf. The egg white, when fed to the calf 
in place of colostrum, appeared to exert some protective influence against B. 
coli. Post mortem examination of calves not receiving colostrum (or egg white) 
revealed the presence of a strain of B. coli, usually in pure culture (Mo. Res. 
Bul. 68; Smith and Little, J. Exp. Med. XXXVI, 181) indicating that colos-
trum (and egg white) is somehow involved in transmitting immunity from 
the mother to her offspring. 
Note.-ft seems desirable to give a fuller description of the work \•..-ith egg white than was appropriate to 
insert in the body of the text. . 
Packed horse cells were administered intravenously in the vein under the wing every three days until three 
injections haQ been made. At the end of two weeks the blood serum of the hens was tested for anti horse he:-:;.oly-
sins. Several of the samples showed no increase above the normal hemolytic power- (normally hen serum causes 
complete hemolysis of a 2.5 per cent suspension of horse cells in dilution of about 1 to 25). But most of the hens 
show a decided increase. Two of the hens gave a reaction in dilutions of 1 to 40. (The serum fro m co tt·s thus 
treated hemolyzed a 2.5 per cent suspension of horse cells even in dilution of 1 to 3000.) 
The egg white from the hens thus treated caused nearly complete hemolysis in dilutions of I to 20. On 
making the tests normal chicken serum (after its native hemolysins had been removed by treatment at refriger-
ator temperature with packed cells) was used as . a source of complement. Guinea pig serum did not gi ve sa tis~ 
factory reactions. 
\VhCn eggs fro~ the treated hens were incubated, the serum from the newly hatched chicks caused hemolysis 
in dilution of I to 10. Control chic ks did not give the reaction. 
Egg white from the treated hens were fed to newly born cal\.·es. 48 hours after, the serum from a calf thus 
fed was teste d for hemolytic action (using hens serum as complement). There was complete hemolysis in dilu-
tion of 1 to 2. Control cal ves did not give the reaction. These calves did not, of course, receive ·any colostrum . 
(To make certain that the calves would not get colostrum at any time, the udders of the cows \vere covered with 
udder protectors.) . 
Out of 17 calves fed with an egg white milk emulsion in place of colostrum, only one died within 60 days 
after birth. In the observations of Smith and Little (J. Exp. Med., 1922, XXXVI, 181) 9 out of 12 calves died 
when fed milk in place of colostrum. The following schedule was used in feeding egg white: the whites of six 
fresh eggs beaten up with two pounds of milk constituted the first meal; _ five whites with the same amount 
of milk the second meal; four whites the third meal; three the fourth meal; two the .fifth; then the white of one 
egg for each meal for six da ys following. Meanwhile the milk was gradually increaseJ to three pounds per meal , 
that is, six pounds per day. 
While this need for colostrum seems to be true with respect to the calf, 
it is not necessarily true with respect to other species. Thus, we have succeeded 
in raising a considerable number of guinea pigs which were placed on an ex-
clusive grain and hay ration immediately after birth. These animals have 
tasted neither colostrum nor milk. Practically all animals weighing over 80 
grams at birth survived, and later thrived on this diet (alfalfa hay and a 
mixture of 4 parts ground corn, 1 part wheat bran, 1 part linseed meal, and 1 
part salt). Fig. 36 shows the relative course of growth of guinea pigs raised 
with normal mothers, and those raised with mothers whose nipples were 
removed, thus not suckling their young. The young guinea pigs weighing 80 
grams, or at most 90 grams, at birth did not appear to have the need for colos-
trum or even milk. The difference between the need for colostum by calves 
and guinea pigs may be due first to the relatively more advanced stage of 
developmen.t of the guinea pig at birth, and second it may be due to the dif. 
ferences in the number of cells separating the fetal froni the maternal circula-
tion. The fetal guinea pig may be separated from its mother by ·less than 
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the 5 or 6 layers of cells separating the calf from its mother, thus causing 
the differences between prenatal appropriatons of immune bodies in the two 
species. 
Note.-With the exception noted in the text, the data presented in this section were obtained in t his Sta t ion 
in accordance with the plans of our Adams Milk Secretion and Colostrum project s. 
MISCELLANEOUS AGE AND OTHER TIME CHANGES IN CATTLE 
1. The Course of Twinning with Age.-The best available data on the 
subject are by Jones and Rouse (compiled in Dr. L. J. Cole's Laboratory) for 
Hereford and Aberdeen-Angus cattle. Since there is no reason for assuming 
that dairy cattle differ in this respect from beef cattle, we are quoting these 
results (Table 18 and Fig. 37). 
2. The Length of the "Service Period" at Various Ages.-Fig. 38, 
after Hammond and Sanders, indicates the length of the "service period" 
(the duration between calving and the following conception) to be at a mini-
mum between the fourth and fifth lactation periods 6 to 7 years. This may 
be taken as further substantiating evidence that full maturity in dairy cattle 
is not reached before 6 to 7 years. It may be recalled that this is the age of 
maximum milk yield and body weight. 
We may be permitted to note that several years ago we attempted to 
obtain a similar compilation from the Advanced Registers of Dairy Cattle 
in this country. However, it does not seem desirable to cite the results on 
account of the fact that the time of breeding of cattle on test, at least in this 
country, is not left entirely to nature. 
3. Age Changes in the Mortality of Calves.-Mr. E. C. Elting of this 
Station has compiled the data presented in Table 19. The compilation is 
based on the records of the herd of cattle belonging to this Station. 
4. Relative Age Changes in the Rate of Milk Secretion of Cows on 7-
day and 365-day Test.-This is depicted in Fig. 39 plotted from Table 11, 
Section "Missouri Compilation". The relation is not quite linear; in other 
words, the "persistency" changes somewhat with age. 
5. Increase of Milk Secretion with Increasing Age at Constant Body 
Weight and Increasing Milk Secretion with Increasing Body Weight at 
Constant Age.-It seemed desirable to determine how much of the increase 
in the rate of milk secretion with advancing age is due to increasing body 
weight, and how much to other factors incident to advancing age. Accordingly, 
the milk records were classified, first, according to the body weight of the 
cows for certain age intervals, and second, according to age for certain body 
weight intervals. The results are presented in Table 20 and in Fig. 40. (cf. 
Brody, Ragsdale, and Turner, 1923.) 
6. How the Accumulation of Milk in the Mammary Glands Affect 
the Rate of Milk Secretion.-The amount of decline in milk secretion with 
the advance in the stage of lactation is dependent, among other factors, 
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on the frequency and thoroughness with which the animals are milked. The 
more frequent and the more thorough the milking, the greater the "persist-
ency" of milk secretion; that is, the better the function of milk secretion is 
kept up. This effect of frequency of milk on the rate of milk secretion may be 
demonstrated in a concrete manner by milking a group of animals at different 
intervals, and by noting the rate of milk secretion under the different con-
ditions. We have done this with the results shown in Table 21 and in Fig. 41. 
(cf. Ragsdale, Turner, and Brody, 1924.) 
Do ~ 
0 h.l ~ L(i;V 
0 ... ~~ 1\ :r. .. ~ ~ ~ 60 
l h ~ 
v ~ ~ roo.. 
~ ~ 17( lll(; 
IJ toli'!: ~"" ~ -~ 
"' i:.l N
" 
X. liW 
'" If. II' lA 1\ 
WI! i<rv ~ bo ~ IJ: 
jrf ~ 1\i 
., 
'1 17 ,._ ~ 
II} ~J ~ ~ n•'PI 
:~ ~v II It' ~~· . \ 4 d If <::-
1/::. 0 r~ 
0 J IJ" 28 
( IMi sc ~f' 240 
YPS. O 2 4 6 01012 
AQe 
I~ 
"' 
~ 
.\ 1\. 
v 
-
-
-
Icc Jm 
14 16 
Kg%-P. .  306 ... 
2?5 
250 
225 
200 
1?5 
150 
125 
Fig. IS a.-Age-changes in the rate of milk secretion in dairy cattle as measured by 
butterfat production, plotted from the "Missouri Compilation" in Table 11. With the 
exception of the 305 day records, indicated on the chart, the curves represent changes 
in yearly.yields. The curves represent records of cows on official ·test. In spite of the 
fact that the population becomes increasingly selective with age (old, poor cows are, of 
course, not placed on test) yet there seems to be a decline in milk secretion following 
the age of 9 years, or at most 10 years. 
11c00 
106U. 
10200 
0000 
9.:VJ 
Q(U. 
e600 
0200 
7/JOO 
7400 
7rxtJ 
6€00 
6200 
seoo 
5«)() 
5(X() 
4600 
YPS.O 
GROWTH AND DEVELOPMENT I 
J 
1/ 
I 
I 
I 
1/ 
._. 
.y 
1/ 
(....- 1":1 
!/ 
2 4 
1/..c 
/~ 
'"< 
v 
v 
(....-
1/ 
1 ..... 
I 
I 
I 
1/ 
-
v 
p-r-
6 
Age 
r-f-
1\. 
f". 
1/ 
-Ill 
~'1 \ 
~/ \ 
!~ 
\ 
br: 
" 
....... 
,_,_ 
~ 
('J1AI" m:c h !P.~ 
ern- l>k 
8 10 
i\ 
f\ 
4000 
' 
l/ 
K 
1\ 
\ 
12 
Fig. lSb.-The course of milk secretion of cows not on teat and milked twice a 
day. The animals were presumably manaied according to good dairy practice, ao 
the records were compiled from herds owned by state agricultural colleges and ex-
periment stations. 
47 
\ 
TABLE 11.-AGE CHANGES IN THE LIME RATE OF MILK SECRETION 
Cows on official test for the first 
Cows on official test, Miuouri Compilation time. U. S. D. A. Compilation 
(Ragsdale, Turner, and Brody,]. Dairy Sc., 1924, VII, 189; Turner, Ragsdale and Brody, Univ. Missouri Agric. Expt. Station Bull. 221, 1924, (Graves and Fohrman, U. S. 
Brody, Ragsdale and Turner,]. Gen. Physiol, 1923, VI, pp. 21 and 31) Dept. Agric. Dept. Bul. 1352, 
1925.) 
(1) (2) 
I 
(3) (4J 
I 
(4a) (5) I (6) (7) 
(8} 
Guernsey Jersey Holstein Holstein Holstein Ayrshire Milking Guernsey Jersey (dassea 
Shorthorn (single le.tter A, & AA) 
all classes) 
---
--,----------------~Fat --------------------------------Nurn. Fat 
Age ani. Fat Per- Fat Per- Fat Per- 17 Per- 305 Per- Fat Per- Fat Per- Fat Per·· Fat Per-
(a) 1 yr. cent Num. 1 yr. cent. Nurn. 1 yr. cent Nurn. days cent Num. days cent Num. 1 yr. cent Num. 1 yr. cent Num. 1 yr. cent Num. 1 yr. cent 
-----
------------
------
---------
---------
------------
------
year! lbs. lbs. lbr. lbs. lbs. lbs. lbs. lbs. /bs. 
2 5241 412 100 4090 383 100 2454 508 100 33765 17.46 100 1250 413 100 1710 350 100 306 272 100 3578 411 100 4976 373 ioo 
3 2566 452 109.7 2263 443 115.6 1523 570 112.2 22019 14.91 119.7 762 475 115.0 903 378 108.0 167 285 104.7 1592 442 108 2309 412 llO 
4 1977 492 119.4 1687 486 126.8 1238 615 121.0 16374 16.20 130 606 493 119.3 716 418 119.4 125 352 129.4 1057 471 liS 1629 446 120 
5 1133 511 124.0 1487 502 131.0 1116 644 126 . 7 11259 17.39 139.6 467 513 124.2 545 448 128.0 75 376 138.2 686 492 120 1260 463 124 
6 897 521 126.4 1067 516 134.7 835 666 131.1 8356 17.26 138.5 331 544 131.7 399 455 130.0 80 383 140.8 519 484 118 913 473 127 
7 572 528 128.1 837 521 136.0 583 665 130.9 5586 17.32 139 . 223 547 132.4 298 478 136 . 5 66 405 148.8 327 497 121 705 469 126 
8 369 527 127.9 565 524 136.8 396 659 129.7 3256 17.25 138.4 !56 566 137.0 225 453 129 .4 65 412 147.7 223 496 121 499 472 127 
9 264 524 127.1 355 510 133.1 232 654 128.7 1862 17.19 138. 72 541 130.9 155 454 129.7 43 403 148.1 182 499 121 291 471 126 
10 123 512 124.2 200 509 132.8 Ill 652 128 . 3 1054 16.80 135 . 46 529 128.0 100 472 134.8 29 411 151.1 72 ----- ----- 182 470 120 
11 76 486 117.9 108 513 133.9 59 650 127 .9 548 16.34 131. 17 538 130.2 52 423 120.8 21 369 135.6 43 ----- ----- 92 464 124 
12 32 500 121.3 58 453 118.2 37 595 ll7 . 1 285 15.96 128. 13 441 106.7 26 450 128.5 13 397 145.9 21 ----- ---- - 56 443 119 
13 24 447 108.4 31 470 122.7 11 569 112.0 130 15.54 125. 6 510 123.4 15 436 124.5 4 399 146.6 18 ----- ----- 29 457 123 
14 5 491 119.1 13 447 116.7 4 550 108.2 42 15.04 121. ----- ----- ----- 8 375 107.1 3 360 132.3 ----- ----- ----- 12 432 116 
15 4 446 108.2 8 451 117.7 4 475 93.5 2415.40 124. ----- ----- --- - - 4 392 112 .0 2 353 12'). 7 - - --- ----- ----- 6 407 109 
16 I 395 95.8 5 465 121.4 2 500 98.4 ----- ----- ---- - ---- - - - --- ----- 2 458 130.8 ----- ----- ----- ----- ----- ----- 4 414 Ill 
17 2 410 99.5 I 590 154.0 ----- ----- ----- ----- ----- ----- ----- ----- ----- 2 376 107.4 ----- ----- ----- ----- ----- ----- ----- ----- ----· 
18 
----- ----- -----
I 413 107.8 
-----
----- ----- ----- ----- -----
-----
----- --- --
I 411 114.6 
----- ----- ---- - ----- ---- -
-----
----- ----- ----· 
~~ ~~~~~ ~~~~= =~~~~ ~~=~~ ~~~~~ ~~:~~ ~~~~: ~~~~~ ~~~~~~~~~~I~~~I~~~~[~~I~~~I~~~~ 01_--- -~- -- - -~---- -~--- - - ~-----,-----~- --- -~---- -~---- -~---- -~-- -- -1 375 107.1----- - --------- --- - - ---------- ----- ---- - - - -- -
Y. years 
!.5 313 368 89.3 9~7 353 92.1 _____ ----------------------------------- __________ ----------
2.0 3559 407 98.1 2829 377 98.4------- - - ------ -- - -- ------- - ------- ---------- 817 333 95.1 
2.5 1682 423 102.6 1261 398 103.9----- ----- ----- ----- ---- - __ c __ ----- ----- ----- 893 366 105,6 
3.0 1374 436 105.8 1271 432 112.7------- ---------------------- ---------------- 442 367 104.8 
3.5 1192 472 114.5 992 456 119.0----- - ---- ----- -- - -- ----- --- -- ----- - ---- - - --- 461 389 111.1 
4.0 1093 486 117.9 978 477 124.5 ----- ----- ----- --- - - --- - - ----- --- -- -- - -- -----1 376 408 116.5 
4.5 884 501 121.6 809 496 129.5----- ----- ----- ----- - - - - - ----- ----- ----- ----- 340 430 122 . 8 
15 
123 
183 
82 
85 
61 
64 
252 
268 
274 
251 
317 
348 
356 
92 .6 
98.5 
100.7 
92.2 
116 .5 
127.9 
130.8 
-------·---- _,_----·-----·-----I----_,_---_,_----·-----·-----I----_,_---_,_---_,_----I-----I---- -I-----·-----·-----,_--- -·---__ ,_----
275 368 
2367 40~ 
1211 ~24 
897 433 
695 453 
625 470 
432 473 
373 ~95 
313 489 
305 482 
(a) Note,-The_abbreviation, ''Num. ani.,, refers to the number of animals of each age that were included in its study. 
90 1237 343 92 
98 3633 368 99 
103 1313 386 103 
lOS 1298 404 108 
110 1011 ~23 113 
114 924 440 118 
115 705 454 122 
120 673 457 123 
119 587 469 126 
117 509 475 127 
TABLE 11 (SECTION 2) 
Maine Compilations 
Recorda from a private herd Scottiah 
of "Straight Island" Jersey cows Ayrshire 
not on test Cattle Pearl 
Gowen, Pearl & Patterson & Miner Cows not on test, milked twice da1ly 
Gowen, Maine Maine But. Maine Bul. 262, Maine Bul. Various Experiment Station herds 
Bul. 286, 1920 283, 1919 1917 279, 1919 (Clark, ]. Dairy Sc., 1924, Vii, 547.) 
(9) (10) (ll) (12) (13) (14) (15) (!Sa) 
Jersey rec-
ords from Scottish 
Jersey in one herd 88 cows Jersey (on test) Ayrahire Gueroaey Jersey Holstein Ayrshire 
Milk Milk Milk Milk 
g Per- 8 Per- 7 Per- 7 Per- Milk Per- Milk Per- Milk Per- Milk Per-
Age Num. mos. cent mos. cent Num. days cent days cent Num. 1 yr. cent Num. 1 yr. cent Num. 1 yr. cent Num. 1 yr. cent 
------------------------------
------------
(years) lbs. lbs. lbs. lbs. lbs. lbs. lbs . lbs. 
2 304 4033 100 4159 100 590 211 100 141 100 102 4837 IOO 62 4592 IOO 35 7048 100 22 5666 100 
3 252 4687 116 4841 116 1061 235 Ill 143 101 110 4997 I03 93 4999 I09 50 7949 113 41 5774 102 
4 247 4993 124 5381 129 1245 244 116 I 58 112 83 5500 114 84 5343 116 52 9312 132 45 6287 Ill 
5 223 5281 131 5568 134 937 247 117 I70 120 69 5688 118 86 5556 I2I 42 9767 139 36 6595 116 
6 I92 5537 137 5682 137 695 251 119 181 128 53 6066 125 78 5693 124 29 10531 149 23 7527 133 
7 170 5315 132 
---- ----
480 253 120 187 133 46 6281 130 77 5770 126 24 10723 152 25 7703 136 
8 127 5226 130 
---- ----
293 252 119 189 134 35 6347 I31 58 5909 I29 22 ll092 157 16 8157 144 
9 85 4938 122 
---- ----
206 253 120 192 136 24 6313 131 54 5757 125 17 11099 !57 12 8968 158 
10 
---- ---- ----
~ --- --- - 102 255 12I 194 137 18 6083 I26 40 5717 124 9 10894 ISS 11 8688 153 
11 
---- ---- ---- --- - --- -
83 247 117 187 133 14 5743 119 38 5513 120 9 12691 180 7 7185 127 
12 
---- ---- ---- ---- ----
27 244 116 191 135 8 4759 98 19 5749 125 7 9559 136 7 6659 118 
13 
---- --- ---- --- -
;---- 19 256 121 194 137 4 5744 119 13 6033 131 6 10262 146 4 6406 113 
14 
---- ---- ---- ---- ----
13 226 107 186 132 3 5199 107 12 5819 127 2 11583 164 4 6494 115 
IS 
---- ---- ---- ---- ----
6 250 118 I88 133 I 6041 I25 3 6453 I41 1 11548 164 4 5977 lOS 
16 
---- ---- ---- ---- ----
7 218 103 185 131 1 3286 68 2 6870 I 150 1 8119 115 1 4645 83 
' ,. 
' 
' 
. • I • I 
' ' ' 
' ' ' 
' ' ' 
0'\ 00 N O\ t"'""l.rlt-..t'-... 000\0 0 ___ _ 
' 
' ' I 
------
TABLE II (SECTION 3) 
(cf. The Jersey Bulletin and Dairy World, 1924, 43, Hll.) 
(16) (17) (18) (19) I (20) Group 1900-1913 group 1914--1921 group 1922 group I923 group 1900-1923 (all groups) 
--------------------
-----
-------------------
--------------
Fat Per- Milk Per- Fat Per· Milk Per- Fat Per- Milk Per- Fat Per- Milk Per- Fat Per- Milk Per-
Age Num. 1 yr. cent I yr. cent Num. I yr. cent 1 yr. cent Num. 1 yr. cent 1 yr. cent Num. I yr. cent I yr. cent Num. 1 yr. cent 1 yr. cent 
--------------------
----------
--------
----------
(years) lk lbJ. lbs. lbJ. lbs. lbs. lbs . lbs. lbs. lbs. 
2 741 362 100 6746 100 3349 388 100 7108 100 688 426 100 7786 100 559 440 100 8083 100 5337 395 100 7247 100 
3 431 423 117 7866 116 1832 447 115 8243 116 458 484 113 8897 IH 356 SOl 114 9166 113 3077 455 115 8394 116 
4 217 466 129 8528 126 1570 489 126 4634 65 341 524 123 9843 126 295 564 128 10361 128 2423 501 127 9271 128 
5 236 489 135 9190 136 1251 505 130 9534 134 236 552 129 10360 133 229 573 130 10691 132 1952 517 131 9728 134 
6 177 509 140 9580 1(2 890 518 133 9965 140 196 555 130 10328 133 152 571 130 10742 133 1415 527 133 10051 139 
7 138 502 139 9629 143 699 525 135 9920 139 127 538 126 10324 132 108 588 133 11276 139 1072 526 133 10067 139 
8 87 488 135 9454 140 478 529 136 10044 141 100 554 130 10599 136 54 591 134 1.1251 139 719 532 135 10140 140 
9 59 487 134 9288 138 296 511 132 9827 138 48 546 128 10594 136 49 582 132 11Hl 138 452 531 132 9981 138 
10 30 491 137 9807 145 170 512 132 9744 137 35 510 120 10008 128 27 568 129 10929 135 262 SIS 130 9909 137 
11 12 438 121 8437 125 96 523 135 10071 142 22 540 127 10093 129 12 620 141 12920 160 I42 527 133 10211 141 
12 
---- ---- ---- ---- ---- ---- ---- ---- ---- ---- -
--- ---- ---- ---- ---- --- - ---- ---- ---- ---- ---- ---- ---- ---- ----
13 
----
---- ---- ---- ---- ---- ---- ----
---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
14 
---- ---- ---- ----
---- ----
---- ----
---- ---- ---- ---- ---- ---- ---- ---- ~- -- ---- ---- ---- ---- ---- -- -- ---- ----
15 
---- -- -- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- -
--- -- -- ---- ---- ---- ---- ---- ----
16 
---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- -- --
----
---- ---- ---- ---- ---- ----
17 
---- ---- ---- ---- ---- ---- ---- ----
---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
---- ---- ---- ---- ---- ----
18 
---- ---- ---- ---- ---- ---- ---- ---- ---- ----
---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
19 
---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
----
---- ---- ---- ---- ---- ----
20 
----
---- ---- ---- ---- ----
---- ---- ----
---- ---- ---- ---- ---- ---- ---- ---- ---- ----
---- ---- ---- ---- ---- ----
(~years) 
1.5 110 . 338 93 6217 92 837 355 91 6537 92 155 385 90 7106 91 120 407 92 7377 91 1222 362 92 6663 92 
2.0 536 354 98 6599 98 2293 382 98 7006 99 463 416 98 7630 98 354 .04 99 7975 99 3646 387 98 7120 98 
2.5 205 384 106 7130 106 1056 401 103 7328 103 225 446 105 8107 104 205 450 102 H269 102 1691 411 104 7522 104 
3.0 233 414 114 7746 115 1038 436 112 8037 113 254 464 109 8503 109 212 480 109 8789 109 1737 442 112 8158 112 
3.5 198 434 i20 8008 119 794 461 119 8513 120 204 508 119 9387 121 144 531 121 9721 120 1340 472 119 8701 120 
4.0 !08 450 124 8172 121 870 481 124 8844 124 179 515 121 9686 124 !58 556 126 10202 126 13I5 492 !25 9068 125 
4.5 109 482 133 8881 132 700 498 128 9295 131 162 534 125 10006 128 137 573 130 10545 130 ll08 511 129 9513 131 
!000 
0000 
!lOCO 
/. 
~ 
7 
Yt>S. 2 3 
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Fig. 16.-The trend of age-changes in the rate of milk secretion of R. M. Jersey 
cowa (i. e. cows on teat). lt is obvious that the latest records (those, for example, of 
1923) are above the earlier recorda (1900-1913). The question naturally auggeota itself 
whether the increase in the rate of milk yield is due to genetic improvement in the atock, 
or to improved knowledge of management, particularly feeding. 
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Fig. 17.-T he trend of age-changes in t he rat e of butterfat yield of R. M . Jersey cat tle. T hese 
curves, and the curves in Figure 16, represent t he aame animals. The curve for the compilation of 
Graves and Fohrman is added for purposes of comparison. 
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Graves and Fohrman (cf. Table 11) . 
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Fig. 19.- Age-changes in butterfat production of Holstein-Friesia n cows on 7-day 
official test. The decline in yield following 8 years is unmistakable in spite of the i n-
creasingly selected nature of the population. 
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Fig. 20.-AII the data in Table 11 in the "Missouri Compilation" section, were 
averaged and the results represent ed on the basis of the maximum yield as 100 per cent. 
The maximum appears to be reached between 7 and 8 years. There ia a decline in the 
rate of milk secretion following the age of about 8 yeara. 
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TABLE 12A.-THE CHANGE OF MILK SECRETION WITH SuccESSIVE LAcTATIONS IN RED DANISH 
Cows (ANGLER, FYNSKE, AND JvsKE "RAcEs") 
Taken with Some Modifications, from Tables 15, 21, and 25 of the 107th Report of the 
Agricultural Experiment Station at Copenhagen. (Transmitted to the authors by 
Dr. W. L. Gaines.) 
292 Cows 172 Cows 72 Cows 27 Cows 7 Cows 
---
-------
-------
Milk Milk Milk Milk Milk 
Number of Yield Per Per Yield Per Yi•ld Per Yield Per Yield Per 
lactation lbs. Cent Cent lbs. Cent lbs. Cent lbs. Cent lbs. Cent 
per of 1st of 7th per of 1st per of 1st per of 1st per of 1st 
400 !acta- !acta- 400 lacta- 400 lacta- 400 !acta- 400 lacta-
days tion tion days tion days tion days tion days tion 
-------
-------------
------
1st_ ________ 5465 100 63.1 5626 100 5538 100 5536 100 5983 100 
2nd _________ 6534 120 75.5 6435 114 6426 116 6257 113 6001 100 
3d _________ _ 7361 135 85 .0 7310 130 7053 127 6823 123 5644 94 
4th _________ 7965 146 92.0 7989 142 8109 146 7875 142 7795 130 
5th _________ 8371 !53 96.7 8362 149 8622 156 8691 157 8497 142 
6th _________ 8594 !57 99 . 3 8633 153 8699 157 8810 159 8757 146 
7th _________ 8657 !58 100 8463 150 8613 155 8543 154 8547 143 
8th ______ ___ 8574 157 99 .0 8677 154 8851 160 8523 154 8613 142 
9th __ _______ 8371 !53 96.7 8479 151 8794 159 8653 156 8027 134 
lOth ________ 8067 148 93.2 8126 144 8441 152 8217 148 8543 143 
11th ________ 
---- ---- ----
8327 148 8016 145 8203 148 9310 156 
12th ________ 
---- ----
---- ---- ----
7948 143 7996 144 7575 127 
13th ________ 
---- ---- ---- ----
---- ----
----
8474 !53 8016 134 
14th ________ 
---- ---- ---- ---- ----
---- ---- ---- ----
6744 113 
Note.-A\'erag.e age at first calving is twenty- six months; at tenth calving twelve years. 
TABLE 12A.-(SECTION 2).-THE CHANGE IN THE PERCENTAGE OF FAT WITH SuccESSIVE 
LAcTATIONS IN RED DANISH Cows 
No. of lact ation 292 cows 172 cows 72 cows 27 cows 7 cows 
lot. ___ ___________ 3.49 3.50 3. 52 3.52 3.49 
2nd .. ---- __ ---- __ 3.45 3.46 3.49 3.48 3.45 
3rd ....... --- - ---- 3 .41 3.42 3.44 3.44 3.49 
4th----- - -------- 3 . 38 3.39 3.38 3. 39 3.42 
5th-------------- 3.36 3.36 3.36 3.38 3.42 
6th-------------- 3.34 3.34 3. 35 3. 37 3.40 
7th-------- - ----- 3 . 33 3. 32 3.33 3. 30 3 . 34 
8th-------------- 3.32 3.32 3. 31 3. 31 3.24 
9th- - ------------ 3.31 3.30 3.29 3. 32 3.22 
lOth-------------- 3 . 30 3 .29 3. 29 3. 20 3 . 27 
lith-------------- 3.29 3. 30 3. 28 3 .31 
12th-------------- 3. 31 3. 29 3 . 26 
13th-------------- 3. 27 3.34 
14th-------------- 3. 29 
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TABLE 12B.-AvERAGE OF MILK SECRETION WITH ADVANCING AGE ExPRESSED IN TERMS 
OF PERCENTAGES OF A BASE 
Weighted averages of yearly records, Red Danish cattle average of the production 
Missouri compilation of 292 animals 
Fat production Fat production 
per yr. expressed per yr. expressed Milk production Milk production 
as per cent of as percentage of per yr. expressed per yr. expressed 
Age Number maximum production during Number as percentage of as percentage of 
Yrs. of Cows production 1st lactation of lactation 7th lactation 1st lactation 
Yearlings 1275 64.6 88 1st 63. 1 100 
2.5 
3 .5 
4.5 
5. 5 
6.5 
7. 5 
8.5 
9.5 
10.5 
ll.S 
12.5 
5001 
8184 
6349 
4823 
3609 
2579 
1776 
1121 
609 
333 
179 
,w Lb~ 
0600 
8200 
(50 0 
0 
6200 
000 o, 
5400 No. 
~ 
fst 
73.6 
84.0 
90.4 
95.5 
99 . 1 
100.0 
99.1 
97.0 
95.8 
92.4 
88.3 
1/ 
1/ 
1/ 
I 
IJ 
2 3 
100 
114 
123 
130 
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136 
135 
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130 
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2nd 75.5 120 
3d 85.0 135 
4th 92.0 146 
5th 96. 7 153 
6th 99. 3 157 
7th 100.0 !58 
8th 99.0 !57 
9th 96.7 !53 
lOth 93 . 2 148 
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Fig. 21.-Age-changes in the rate of milk yield of Red Danish cattle plotted from Table 12. 
The curve represents the average milk yield during 400 days of the same 292 cows for the first 
ten lactation periods. The percentage axis in the center represents milk yield as percentage 
of the maximum yield and also as percentage of the yield during the first lactation period. 
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Fig. 22.-Age-changes in the rate of milk secretion expressed in terms of percent-
ages of the milk yield between 2 and 3 years. 
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TABLE 13.-AGE-CHANGES IN THE PERCENTAGE OF FAT IN THE MILK. OF DAIRY CATTLE 
R. M. Jersey Cowsl Ayrshire Cows' 
---
-Age at Number per cent 
calving 1900-'23 1900-'13 1914-'21 1922 1923 of cows fat 
-------------------
1- 5.43 5.45 5.43 5.-!2 5.52 
---- ----2- 5.44 5.37 5.48 5.48 5.44 171 4.05 
3- 5.42 5.38 5.42 5.43 5.46 903 4.00 
4- 5.40 5.52 5.40 5.32 5.44 716 3.91 
5- 5.32 5.32 5.30 5.33 5.36 545 3.98 
6- 5.24 5.31 5.20 5.37 5.32 399 4.09 
7'- 5.23 5. 21 5.29 5.21 5.22 298 4.13 
8- 5.25 5.16 5.27 5.23 5.25 225 4.04 
9'- 5.22 5.24 5.20 5.15 5.22 155 4.11 to- 5.20 5.01 5.26 5.10 5.20 100 4.18 
11- 5.16 5.19 5.19 5.35 4.80 52 3.68 
'cf The Jersey Bull and Dairy World, 1924. 43, 1411 (July 30). 
'cf Univ. Missouri Bul. 222, 1924 (C. W. Turner). 
Ho!otein Cows• Guernsey Cows:! 
------------
Number per cent Number per cent 
of cows fat of cows fat 
---
---------
---- ---- ---- ----480 3.37 6801 5.00 
1489 3.38 3334 5.03 
1234 3.38 2563 5.01 
1104 3.36 1041 4.99 
846 3.37 833 4 .98 
546 3.38 522 4.96 
390 3.34 338 4.98 
205 3.29 246 4.90 
111 3.41 115 4.85 
60 3.31 60 4.86 
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TABLE 14.-THE EFFECT OF ADVANCING STAGE OF LACTATION ON MILK YIELD AND PERCENTAGE 
OF BuTTERFAT 
Section I.-Milk yield pounds per day 
(1) (2) (3) (4) (5) (6) (7) 
Gueruey Guernsey Guernsey All Breeds Jersey Holstein Scrub 
Month cow•, average cow&, average cows, average average cows, average cows, average cows, average 
of 3215 900 370 1143 305 95 
)acta- lactation lactation lactation lactation lactation lactation 
tion periods periods periods periods periods periods 
1 33.3 
----
--- -
46.3 30.0 39.6 
2 34.3 35.1 35.1 45.4 29.4 40.3 
3 32.3 33.3 32.8 41.9 27.9 38 . 9 
4 29.9 31.3 30.4 38.9 25.9 36.5 
5 28.1 29.3 28.7 36.2 24.2 33.9 
6 26.4 27.8 27.3 33.5 22.7 32.5 
7 24.9 26.4 25.9 30.9 21.4 30.8 
8 23.7 25.1 24.3 27.5 20.6 29.3 
9 22.4 23 .8 22.6 24.4 19.5 27.9 
10 21.0 22.5 20.6 20.4 18.6 25.4 
11 19.5 21.5 17 .9 ---- 17.3 23.2 
12 17.9 20.6 15.6 ---- 17.3 20 . 1 
(1) T he recorda were compiled from the Guernsey Advanced Registry without selection. 
(2) Only farrow cows were included. 
(3) Only cows bred the third and fourth months were included. 
32 
lactation 
perioda 
20.4 
19 .0 
16 .0 
14 .0 
12 .0 
9. 7 
8.0 
7.0 
5.4 
3. 7 
----
----
(4) Compiled by Prof. F. W. Woll from the records of the Wisconsin and California Dairy Cow Competitions, 
Hoard's Dairyman, February 9, 1923, p. 109. 
(5) The recorda were compiled from Jersey cows tested in Missouri. 
(6) The recorda were compiled from Holstein cows owned by the University of Missouri. 
(7) The data for the scrub cows was taken from chart 2, Iowa Agr. Exp. Sta. Bulletin 188. 
Section 2.-Percentage of butterfat 
Guernsey cows 
Month of Guernsey cows ] ersey cows Holstein cows (900) 
la.ctation (3763) (299) (95) Non~pregnant 
1 4.63 4.98 3.24 -- --
2 4.59 4 . 82 3.01 4.58 
3 4 . 71 4.88 2.99 4. 71 
4 4.85 5 . 10 3.02 4.83 
5 4.97 5.13 3.01 4.89 
6 5.08 5.26 3.08 5.07 
7 5.16 5.40 3.11 5.14 
8 5.22 5.43 3.16 5.21 
9 5.29 5.50 3. 19 5 .29 
10 5. 39 5 . 58 3.27 5. 35 
11 5.49 5. 60 3.32 5.43 
12 5 . 60 5. 73 3.49 5.51 
Guernsey cows 
(370) bred 
3 and 4 months 
of lact:~.tion 
-- --
4.68 
4.80 
4 .90 
4.92 
5.03 
5.17 
5.27 
5.40 
5 .52 
5 . 7-! 
6.17 
N(71'11.-Tab!e 14 was compiled from papers by Turner, Ragsdale and Brody, J. Dairy Science, 1923, VI; 
5 27; Brody, Ragsdale and Turner, J, Gen. Ph ysiology, 1923, V, pp. 441 and 777. 
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Fig. 24 (a, b, e and d).-The decline in the rate of milk secretion with the advance of the period of lactation 
of several groups of cows as recorded in Table 14. The decline in the rate of milk secretion is greater in gestating 
cows than in cows not pregnant. 
The upper left hand chart (24a) represents two groups of Guernsey cows on test, one of which was kept 
farrow during the whole period while the other was bred so that it will calve at the end of the 12th month of 
lactation. The other charts represent mixed populations, but in Eckles' chart, the cows on test were bred 
much later than those not on test ("ordinary conditions") . The numerals in 24b represent number of animals. 
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TABLE 15A.-THE !NFL UENCE oF THE STAGE oF LACTATION oN MILK YIELD, FEED CoNSUMPTION 
AND BoDY WEIGHT (C. W. TuRNER) 
I 
Month of 
lactation 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Milk Production Dailv Feed Consumption Live Weight 
Number 
of cows 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
39 
58 
54 
50 
46 
j3'(0 
1530 
1290 
0 
Average Digestible Carbo- Total 
daily milk crude hydrate digestible 
production protein equivalent nutrients 
lbs. lbs. lbs. lbs. 
66.3 4.63 20.38 25.01 
80.7 5.41 22.76 28.17 
73.4 5.69 23.36 29.05 
70.0 5.83 24.05 29 . 88 
64 .2 5.92 23.55 29.47 
60.7 5.81 23.28 29.09 
55.6 5.81 22.55 28.36 
53 .I 5. 77 22 .39 28. 16 
50.5 5.59 21.90 27.49 
47.7 5.57 21.32 26 .89 
45.0 5.29 20.93 26.22 
43 .2 5. 17 20.22 25.39 
43.9 
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Nutritive Number 
ratio of COW8 
1:4.4 45 
4.2 46 
4 . 1 46 
4 . 1 46 
3.9 46 
4.0 46 
3.8 46 
3.8 46 
3.9 46 
3. 8 46 
3.9 46 
3.9 45 
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Fig. 25.-The course of milk production, food consumption and change in 
live weight with the advance in the period of lactation plotted from Table 15 
(Turner). 
Average 
live 
weight 
lba. 
1370 
1321 
1296 
1300 
1304 
1315 
1314 
1311 
1319 
1338 
1356 
1384 
1443 
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TABLE 15B.-THE EFFECT OF THE STAGE OF GESTATION ON THE MILK FLOW OF ADVANCED 
REGISTRY GuERNSEY Cows 
8th month of lOth month of 11th month of 12th month of 
lactation lactation lactation lactation 
-
Milk Milk Milk Milk 
Month of No. of yield per No. of yield per No. of yield per No. of yield per Percent-
gestation cows month cows month COWS month cows month age fat 
/bJ. lb!. lbJ. lbJ. 
0 906 753 907 676 854 651 654 617 5 .0 
I 887 736 393 674 315 683 276 622 5 .6 
2 1113 74.1 616 682 413 650 307 627 SA 
3 959 616 890 658 611 648 399 616 5 .s 
-! 667 707 1133 655 869 616 593 608 5 .s 
5 319 708 975 627 1099 626 861 57! 5.6 
6 19 647 659 602 942 575 1085 562 5.7 
7 
-- ---
294 596 620 540 909 508 6 .8 
8 
--- ---
18 537 272 525 563 472 6.0 
9 
--- --- --- ---
14 527 199 474 6.0 
10 
--- --- --- --- --- ---
11 562 5.3 
TABLE 15C.-THE INFLUENCE OF GESTATION ON MILK SECRETION (GUERNSEY CATTLE) 
Days [ I Total num-pregnant 0..50 5-100 !00-150 150-200 200-250 250-300 300-up her recorda 
Class A-Mature 
Av. Fat 544.37 543 . 89 528.87 
\ 
522.40 
I 
502.11 488 . 91 420.68 
No. Cows 398 325 502 868 764 563 15 3435 
Class B-Senior Four 
Av. Fat 519.02 516.18 515 .42 
I 
508 .42 
I 
472 .07 468 .65 464.58 
No. Cows 71 57 99 166 172 144 -! 713 
Class C-Junior Four 
Av. Fat 503.99 504.90 497.12 
I 
531.50 
I 
470.76 450.92 464.58 
No. Cows 99 57 102 231 218 175 4 886 
Class D-Senior Three 
Av. Fat 469.23 505.84 481.77 
I 
481.77 I 449.05 437 0 78 332.37 No. Cows 96 74 139 265 224 189 2 989 
Class E-Junior Three 
Av. Fat 4.38 0 35 452.80 453.18 l 448.91 I 425.18 414.79 364.43 No. Cows 117 91 149 247 286 226 9 1125 
Class F-Senior Two 
Av. Fat 420.65 456.31 425.46 
I 
430.79 
I 
413 0 31 400 . 71 360.31 
No. Cows 127 127 166 360 348 227 10 1365 
Class G-Junior Two 
Av. Fat 403.08 422.99 410. 59 
I 
405.15 I 392.45 374 .53 347.42 No .. Cows 309 237 433 724 693 436 11 2843 
1 
All Classes Combined 
Av. Fat 474.. 70 487.40 471.79 I 471.02 I 445.63 434.90 386.81 
No. Cows 1217 968 1590 2861 2705 1960 55 11356 
Note-This table includes all A. R. recorda from 1-9800 inclusive and re-entries. 
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Fig. 26.-The influence of gestation on the rate · of milk' secretion (in 
Guernsey cattle on test). The axis of abscissae represent the time after breeding. 
Thus the curve .labelled "12" indicates the. l2th month of lactation. In other 
words, these curves indicate the effect of inCr~aaing period of gestation on a girJe·n 
month of lactation. The data were obtained by grouping cows for a given 
month of lactation according to the time after breeding. The curve of increasing 
body weight of gestating cows (Jersey cows on test) is inserted to indicate that 
as the body weight increases due to the growth of the fetus, the milk yield 
declines, implying a causal relationship between the two. 
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Fig. 27.-The effe"ct of the advancing stage of gestation on the rate of milk secretion 
shown in another way. The heavy rectangles represent the time of breeding. The 
month of breeding is also indicated by the numerals. The axes of abscissae represent 
the month of lactation. When the animals are bred four months after calving, there is a 
noticeably sharp decline at the end of the year. The earlier in the otage of lactation 
the ani mala are bred, the greater the decline at the end of the year (Gaines and David-
son). 
TABLE 16.-AGE-CHANGES IN THE DECLINE OF MILK SECRETION WITH THE ADVANCE OF THE 
PERIOD oF LAcTATION 
(Age in years· fat production in pounds per month) 
' 
Month 
Lactation 2-3 years 3-4 years 4-5 years 5-6 years 6-7 yean 7-8 years 
2 40.4 47.4 53.9 55.0 58.2 55.5 
3 40.9 46.2 51.2 53.5 55.6 54.6 
4 40 . 1 44 . 1 50.0 51.7 51.5 51.2 
5 40.1 41.1 48.2 49.7 50.9 49 . 2 
6 39.2 40.8 47.1 47.7 48.5 47.7 
7 37.9 39.0 45.2 45.8 47.0 45.8 
8 37.5 37.4 42.8 43.9 44.1 43.8 
9 36.5 36.4 42.2 43.2 43.2 41.1 
10 35.4 35.2 40.4 40.1 40.1 39.4 
11 34.5 31.5 38.7 38.1 38.5 36.7 
12 33.4 32.8 37.8 36.0 36.4 35.5 
Number cows 100 100 100 100 100 71 
Note.-Data compiled in this Station by C. W. Turner, 1927. 
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Fig. Jla.-The rtlatiue change& in the composition of milk with the advance in 
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In the pregnant group the fat and nitrogen rise (the nitrogen rising more rapidly 
than fat), while the ougar declines. In the farrow group the fat and nitrogen~ do not 
seem to show the usual rise. 
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advance in the period of lactat ion. T he increase in melting point, t he decline 
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TABLE 17.-DATA ON THE CoMPOSITION OF MILK DuRING THE 4 DAYS FoLLOWING CALVING 
(Average of analyses from five cows) 
Milking 
after par:-
turition 
1 
z·· 
3 
+ 
5 
6 
7 
8 
Milk Specific · Toto! Ash Total Fat Sugar Casd.n. 
gravity solids 
lb;. per cent per unt Pt'TU1lt p(1' unt per c~nt pu ctnt 
10 .2 1.067 24.0 1.163 14.9 5.3 2.07 4.36 
8.8 1.040 17.7 .948 10.1 4.6 3.07 3 .+4 
12.2 1.037 14.5 .893 6.7 4.4 3. 33 3.07 
13.2 1.034 14.4 .85 5.2 4.5 3.50 2.61 
15 .9 1.033 14.5 .819 4.5 4 .8 3.50 2.59 
13.0 1.033 14.2 . 827 4.4 4.6 3. 73 2.52 
17.6 1.034 14.2 .809 4.0 4.5 3.90 2. 77 
16.5 1.032 14 . 3 .800 3.8 4.7 
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Fig. 33a.-The change in the composition of milk: during the first 
four days (8 milkings) after calving. The percentage value· for each 
constituent in the milk from the first milking is represented by 100 per cent, 
and the values for the subsequent milkings are represented in terms· of per-
centage of the first milking. 
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blood. The acidity of coloatrum is higher than of milk probably on account 
of ita great content of proteins (the proteins of milk are acid substances; iao-
electric point of globulin is pH 5.5; of albumin 4.7; of casein 4.4). 
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Fig. 35.-"Curvea showing the variations in various protein fractions of blood with in-
creasing age. Calf 898 did not receive colostrum, calf 899 received colostrum relatively low in 
globulins, and calf 669 received colostrum rich in globulins. The crosses (X) indicate results 
obtained on calves which did not receive colostrum; some of these animals were injected with 
cow serum, some were injected and fed cow serum, and t~ome were fed cow serum. The results 
on these animals agree essentially with those obtained on animals which had not received 
colostrum or which would have received milk containing very small amounts of globulins. The 
plue signa (+) indicate results on animals which had received colostrum soon after birth. 
Average data for calves 6 to 12 months of age, non-pregnant heifers 16 to 22 months old, and 
pregnant heifers 30 months old are plotted as indicated in the legend. The data are presented 
in terms of grams of nitrogen in 100 cc. of blood plasma or serum. (Journal of Biological 
Chemistry, 1922, Iii, 486.) P. E. Howe, Physiol. Reviews, 1925, V, 439. 
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Fig. 36.-Growth curves of two sets of young guinea pigs. One set of animals was 
nursed in the natural way, i.e., it obtained colostrum and milk, while the other, no~ 
colostrum and no-milk set, was born from mothers that could not nurse, as their 
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Age 
yrs. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
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16 
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TABLE 18.-DATA oN TWINNING oF CATTLE (JoNES AND RousE) 
I Data from Hereford Herd books Data from Aberdeen-Angus Herd books Volumes 1-42 Volumea 1-26 
No. of No. of No. of No. of No. of No. of 
cows multiple twins per cows multiple twins per 
calving births 1000 cows calving births 1000 cows 
3000 
71800 
89300 
79800 
64700 
53700 
44300 
35400 
26700 
20100 
14000 
9700 
6500 
3900 
2100 
1200 
600 
400 
200 
200 
100 
-----
-----
100 
? 
6 
5 
4 
3 
2 
1 
0 
YPS. 0 
v 
A 
H 
I 
2 
3 1.00 
120 1.67 
281 3.14 
351 4.39 
346 5.34 
288 5.36 
248 5.59 
205 5. 79 
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Fig. 37.-The course of increase in the~percentage~of twinning with age in cattle (from 
data by Jones and Rouse) . 
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Jersey--------
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Fig. 38.-The change in the "service period" with 
increasing age (after Hammond and Sanders) . 
TABLE 19.-MORTALITY OF CALVES 
Aborted Dead at birth 
Total 
Pregnancies No. Percentage No. rercentage 
263 16 6.1 17 6.46 
551 70 12.7 44 7.98 
89 7 7.9 8 8.98 
40 2 5 .0 6 15 .0 
943 95 10.1 75 7 .95 
MoRTALITY DISTRIBUTION BY SEx 
Deaths after birth 
No. Percentage 
5 2.2 
36 8.3 
2 2.7 
I 2.5 
44 5 .7 
Dead at birth Mortality after birth 
Pregnancies No. Per cent No. Per cent 
413 32 8.0 16 4 . 2 
428 42 9 .8 20 5.2 
DISTRIBUTION OF 73 DEATHS BY AGES 
Of a mortality of 73 calves, 39 died at birth 
5 died ht day 
4 died 2nd day 
1 died 3rd day 
7 died 3rd to 7th day 
1 died 7th to 14th day 
4 died 14th to 28th day 
4 died 28th to 56th day 
8 died 60th to !80th day. 
Lb. 
680 
440 
400 
Lbs.O 
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Fig. 39.-The relation between 365-day and 7-day production of butterfat in 
Holatein-Frieaian cowa on teat. This chart is baaed on the ''Minouri Compilation" 
in Table ll. The relation between the two is not far from linear, indicating but a slight 
change in peraiatep.cy of milk aecrction with increasing age. 
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TABLE 20 (SEcTION 1).-THE INcREAsE OF MILK SECRETION WITH INCREASING BoDY WEIGHT AT 
·coNsTANT AGE · oF REGisTER oF MERIT ]ERsEY CATTLE 
Age of cows 
Body 2 to 3 years 3 to 4 years 4 to 5 years 5 to 8 years 
Weight 
No. of Yearly No. of Yearly No. of Yearly No. of Yearly 
animals fat pro- animals fat pro- animals fat pro- animals fat pro-
included duction included duction included duction included duction 
-----·------ ---------- ---------- ---------- ---------- ---------· ---------- ---------- ----------
lbt. lbt . . lbt. lbt. lbt. 
625- 101 342 
--- ---- --- --- --- ---
675- 199 ·351 43 389 
--- ---- --- ---
725- 540 360 142 392 38 423 52 432 
775- 584 367 255 396 101 439 !56 455 
825- 1043 374 573 407 315 438 458 455 
875- 576 381 SOB 420 318 448 543 466 
925- 496 394 605 429 445 456 866 476 
975- 155 411 220 452 262 463 599 500 
1025- 97 402 185 455 240 482 680 502 
1075-
--- ---- --- ---
82 491 224 521 
1125-
--- --- --- ---
49 508 154 s·18 
1175-
--- --- --- --- --- ---
29 540 
1225 
--- --- --- --- --- -- -
27 556 
TABLE 20 (SEcTION 2).-THE INCREASE OF MILK SECRETION WITH AGE AT CoNSTANT BoD'll' 
.WEIGHT OF REGISTER. OF MERIT }ERSEY CATTLE 
Weight of cows 
750 to ~49 Ibs. 850 to 949 !be. 950 to 1049 !be. 1050 to 1151 !be. 
Age No. of Yearly No. of Yearly No; of Yearly No. of Yearly 
COWS fat pro- COWS fat pro- COWS fat pro- ca:wa fat pro-
included duction included duction included duction included duction 
0 . 
'Jf'J. lbt. lbs. /bs. /bs. 
2.5 1869 3H U89 385 259 405 o• _, 418 
3.5 799 401 1241 429 422 458 44 431 
4.5 446 433 1019 458 513 474 114 496 
5.5 239 463 842 483 476 496 131 519 
6.5 174 452 563 475 503 503 97 524 
7.5 130 470 443 487 499 499 91 529 
8.5 87 479 255 487 492 492 47 533 
-
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Fig. 40.-The increase of milk secretion with increasing body weight at 
constant age. The smooth lines passing through the observed values were 
plotted from the equation F = aW + bin which F is the yearly milk fat pro-
duction for the body weight (11') at the constant ages indicated on the curves; 
a is the constant increase of yearly fat production for each added pound of 
body weight. From the values of a indicated on the curves, an increase of 100 
pounds in the weight of the body above b is accompanied by an increase of 
a bout 20 pounds of milk fat production per year. 
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Figs. 41 and 4lb.-The effect of the length of intervals between milkings on the rate of 
milk secretion and on the percentage of fat in the milk. The circles (upper curve) represent the 
amount of milk obtained for the time intervals indicated on the axis of abscissae, The smooth 
curve in the upper chart represents the curve of an exponential equation. The broken curve 
represents the differential form of the exponential equation; that is, it represents the milk 
secreted per unit of time. The lower curve represents changes in the percentage of fat. 
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TABLE 21.-THE EFFECT OF THE INTERVAL BETWEEN MILKINGS ON THE RATE OF SECRETION AND 
COMPOSITION OF MrLK 
Hours after Specific 
preceding Milk Fat Fat gravity Solids 
milking 
pounds p~r ctnt pounds ptr C(nt 
1 1.05 7.56 0.084 
------ -----2 1.51 7 . 76 0.123 
------
-----3 2.61 6.94 0 . 185 1.0302 IS .60 
4 3.14 6.34 0.200 1.0304 15.38 
5 4.28 6.01 0 . 267 1.0289 lS .15 
6 4.29 5.94 0.268 1.0292 16.19 
7 5 . 71 5.35 0 .322 1 .0278 14.87 
8 6.39 5.16 0.332 1.0291 H.39 
9 6.63 5 . 37 0.372 1.0280 14.45 
10 8 . 12 4.86 0.418 1.0286 13.91 
11 8.96 4.73 0.438 1.0281 13.87 
12 8.70 4.63 0.403 
------ -----13 10.22 4.15 0.456 1.0284 13.02 
14 9.95 3.88 0.404 1.0290 12 . 70 
16 10.60 3. 75 0.422 1.0289 
-----18 11.60 4.24 0.535 
--- --- -----20 12.70 4.13 0.571 
------ -----24 13 . 40 4.59 0.659 1 .0304 13 .90 
28 14.70 4.63 0. 759 
------ -----32 15.40 3.59 0.597 
------
11.51 
36 14.60 3 .80 0.685 
----- -
12.33 
NORMAL GROWTH OF DAIRY CATTLE 
J. B. FITCH, H. W. CAVE, R. H. LusH 
Each female dairy calf dropped in the Kansas station is weighed and 
measured at intervals of thirty days from birth to two years of age. Males are 
weighed and measured until one year of age. Measurements are obtained 
in the afternoon before feeding. The object is primarily to secure sufficient 
data to determine the normal size of calves and heifers of the four major 
dairy breeds. The data cited (cf. Table 11) have been obtained to June 1, 
1926. 
INCREASE IN WEIGHT OF HEIFERS DURING THE FIRST TWO 
YEARS OF LIFE 
GEORGE W. HERVEY AND RoY R. GRAVES, Dairy Cattle Breeding Investiga-
tions, Bureau of Dairy Industry, U. S. Department of Agriculture. 
In efforts to ascertain the normal weights of heifers, to date records have 
been secured monthly for two years on several groups of calves. In each 
instance it has beeq found impossible to portray their gains by a normal growth 
curve, consisting of only a single cycle. The weights apparently have followed 
one cycle for about six months and then increased according to a second one. 
These growth cycles are incomplete in themselves and it is exceedingly difficult 
to ascertain the exact origin of each. They are believed to be an indication 
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of environmental changes taking place during the growth period, especially 
nutritional changes. 
Under the system of feeding employed, the heifers were given skim milk 
for about six months only. If they had grown throughout the two-year period 
according to the trend described by the first six months growth, certainly 
greater weights would have been attained. Evidence has accumulated from 
data secured on other calves indicating that increased gains can be secured 
for at least several months beyond this initial period by prolonging the feeding 
of skim milk. 
Three practical questions which need to be answered are suggested by 
our data: (1) Can heifers be induced to grow according to a single cycle by 
changing current feeding methods? (2) Can they be fed cheaply enough to 
justify the early maturity of growth which might be obtained? (3) Would 
the early maturity of production accompanying this hastened mature growth 
in any way impair the constitutional vigor of the animals? 
A table is appended showing average monthly weights obtained for calves 
in the Bureau of Dairy Industry experimental herds at Beltsville, Md., and 
Ardmore, S. D. Weights obtained on calves given pasture have not been 
included. (See also Table 11). 
TABLE 1-(U. S. DEPARTMENT OF AGRICULTURE) .-WEIGHTS oF HEIFERS NoT GrvEN PAsTURE 
(Hervey and Graves) 
Jerseys Holsteins 
Age--
Months Beltsville, Md. Beltsville, Md. Ardmore, S. D. 
20-35 calves 14-27 calves 6-17 calvea 
/b;. lbf. /b; . 
Birth 55.0 97.2 90 
1 73 . 6 121.3 132 
2 90.7 154.6 184 
3 123.6 197.2 238 
4 166.4 252.8 294 
5 209.3 302.8 342 
6 257.9 360.2 403 
7 296.4 406. 5 452 
8 332 . 1 460.2 480 
9 370 . 7 506 .5 505 
10 406.4 552.8 519 
11 437. 9 586.1 543 
12 463.6 626.9 583 
13 486.5 662.0 603 
14 512.0 705.9 611 
15 543.9 749.0 623 
16 558.1 790.5 624 
17 584.1 814.5 645 
18 610.1 841.1 676 
19 636.7 869 .6 716 
20 657.2 902.3 756 
21 678.7 942.0 860 
22 705.8 990.1 894 
23 743.6 1044.6 934 
24 750.6 1083 .8. 973 
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GROWTH CURVES FOR BEEF STEERS 
A. G. HOGAN, H. D. Fox 
85 
The data from which the first chart was drawn, were kindly sent us by 
Prof. T. L. Haecker, and are presented as unpublished data furnished·by the 
Minnesota Agricultural Experiment Station. 
The method of feeding these steers has been described in Bulletin 193 of the 
Minnesota !Station, and will not be repeated here. Our interpretation of 
their statement, however, is that these steers were not fed to grow at the 
maximum rate, but were fed to grow as rapidly as practicableunderordinary 
conditions. Most of these animals were Shorthorns, a considerable number 
were of Aberdeen'Angus breeding, and a few are unclassified. 
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TABLE 1.-AVERACE WEIGHTS oF BEEF STEERS FRO>< Wu1ca THE A Bo VE CuRVE WAS DRAWN 
Age in months (28 days) Av. weight (in pounds) I Age in months (28 days) Av. weight (in poundo) 
Birth 80 
1 102 1$ 6H 
2 125 16 691 
3 150 17 732 
4 178 18 779 
5 211 19 823 
6 248 20 868 
7 286 21 912 
8 322 22 956 
9 356 23 1000 
10 402 24 1039 
11 447 25 1079 
12 496 26 ll20 
13 543 27 ll70 
14 sn 28 1194 
--
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THE DISTRIBUTION OF MINERAL ELEMENTS IN THE ANIMAL 
BODY AS INFLUENCED BY AGE AND CONDITION 
ALBERT G. HoGAN AND JoHN L. NIERMAN 
In the spring of 1907 the Agricultural Experiment Station of the Uni-
versity of Missouri began the now well known "Use of Food Experiment". 
Certain phases of the growth of the animals used, steers, have been described 
in another section of this bulletin. A considerable number of these experi-
mental animals were killed and then subjected to analysis for nitrogen, water, 
fat, and ash. These analyses are given in Research Bulletin 55. In some cases 
samples were retained for a subsequent mineral analysis, and it is this data 
with which we are now concerned. 
In addition to the steers mentioned, a number of newly born calves were 
als9 analyzed. A complete description of these animals is given in Research 
Bulletin 38 of this Station. For the present it will be sufficient to say that the 
calves may be divided into three groups, according to the plane of nutrition 
of the mother. In addition there were two abnormal calves. 
Our observations are presented in the following charts, Figs. 1 to 6, 
but the original data will be published soon as a research bulletin from this 
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Station. In regard to the charts it should be explained that the values for 
sulphur and chlorine were obtained from analyses of the ash of the various 
samples, and are undoubtedly low. It is well known that both chlorine and 
sulphur may be lost during the ignition of material of this kind. Fig. 1 indi-
cates the percentage of mineral matter in the entire body of the calves. Each 
of these was analyzed as a composite sample. Figs. 2 to 6 indicate the per-
centages of the mineral elements in various tissues and portions of the body 
of the steers. 
12 
z 
w 
:L 
lJ.J 
_J 
w 
_J 
Cf 
w 
z 
~ 
l;.. 
0 
If) 
1-
2 
w 
u 
a: 
w 
0. 
.80 
.60 
., !/"" t--r-
v 1'- ~ v ~ ~ t--' IDh VV' "= 
<t' 
.40 
.20 
.20 
.15 
~ dlu fn. !-'>"' 
- " 
v So 
!--
---- - -
-r=- -- - - - -· --~ - --
v ""'..... ~ 
...., 
' 
....... 
..,._ :,- trtc: . " .., 
...., 
.10 0 H~.gh Plane 
.05 
.oo 
--
...... ~ .': ulJ: ~! <» Medium Pt.a.ne ..... 
--
t-. .... 
r-v-v -- .... - -.LOw Plan.e o AbnorrT\.Ql Calve5 
.06 
.05 
.04~ 
1.50 
1.0~ 
.,03 
.020 
.010 
·000 
[)\ 
--
I-.. 
0.... 1::1 [\.__ r'K 1-Qn. SLl m v ""' 
'"' 
..A 
1'-~ ...... '0 
f--f--
-- --
-:;..:- f--~ - 1- ..... ~ f--~ - f--f.-<,.. ~ "' -"" ~ ~ Lfj.l 1"1}_ ~ 1-f-~ ,_ ~ V\ -- t-- 1--f--fll.. c !Llo in.E 
N:!, 
...a/ ~ K -r-.. f-..-'v ~ .:.!' _1ft-
..,... v ['V [Ire n. I'... ~ p :--
(560·f!562:-Bj560-0I562-C(II·AI11·8 i563-AI564CI 2·X(567·61566-81:166-CI13-C !22-AI85·A( 
High Plane Medium Plane Low Plane Abnormal 
PLANE OF NUTRITION 
Fig. !.-Percentages of mineral elements in the entire bodieo of calves on 
the fat free baoia. 
88 
~ .025 
t3 .020 
0: 
w .015 
0. 
.010 
.005 
.000 
I 
MissouRI AGR. ·ExP. STA: REsEARCH BuLLETIN % 
o G oup I 
r.. In 
Po as~ um 
<i?' ..... 
-
\ bne SlUr Ma ~ 
·-\_ h .I"' V"'. ~ v 1'..-
-
f-.. !--..... v-- 1/ ~ ~nlr -r-. t--.... ·,,m ..... -
't: _,/ '-...--v :-..... A. 
-A 
~ 
-
.... ~ ~ k--k'- lr n Lr !--. 1---- [.,...--- !---' k 1"-1--
t-- .. "Sul imu 1"-1---+--
I I II IIIII I I II 1111 I I 111 III! I I Ill IIlli I I 11 lm I I I 11 lm I 
3 5 8 40 44 48 
AGES OF ANIMALS IN MONTHS 
Fig. 2.-Percentage of mineral elements in lean and fat on fat free basis. 
.080 
.070 
iQ .060 
z 
w .050 
L: 
w 
.:.J 
w 
...1 
. 30 
~ .25 
a: 
~ .20 
~ .15 
~ .10 
'J) .05 
1-
z .oo 
lJ.J 
~~I ~-
.015 
.005 
I 
GROWTH AND DEVELOPMENT I 89 
t!) r.. ... ,.,, !on 
/ /\ ~pro P I ![' I'-
~ I~ • pro p u v ~ I / 
Sl lpr ur "~ / ..... 
~ f.: ~<Xll um 
....... .... 
-k A If; Lorl "'l.e~ 
\ '\ v:: v -
' 
N ~ 
~ 'lit 
.... 
\ 1\ • 
11>" ~ r' fJ~U.; pv~~ ~ t--'\ v-- 1\ /v ~ I'--. y 
............ 
.. 
0 II'\ L,..., oc 
"' ... .... 
,....,_. 
...... 
- """ 
:rur lun 
-
-
~ 
..:::: v ....::::: 
..... ,.., 
~ 
Fig. 3.-Percentages of mineral clements in hair and hide on the fat free baais. 
90 MisSOURI AGR. ExP. STA. RESEARCH BuLLETIN % 
I I I II I Ill I I I II 1111 I I I II I HI I I I II I III I I I II I lll I I I I I I Ill I 
5 8 40 44 48 
AGES OF ANIMALS IN MONTHS 
Fig. 4.-Percentage of mineral elements in the internal organa on the fat free basi•. 
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FEED CONSUMPTION AND GROWTH IN STEERS 
SAMUEL BRODY 
One of the needs in animal husbandry is to determine the age and weight 
of animals at which slaughter for flesh gives the largest return for the food 
consumed. The obvious method of meeting this need is to follow simultaneous-
ly the course of growth in weight and the course in food consumption of ani-
mals under several sets of conditions. In other words, there is a need for age 
curves of grqwth and age curves of food consumption. 
Two agricultural experiment stations in this country have been sys-
tematically ·· investigating this problem, namely this Station (Missouri Agr. 
Exp. Sta. Research Bulletins 18, 28, 30, 38, 43, 54, 55, 61 and 62), and the 
Minnesota Station (Minnesota Agr. Exp. Sta. Bul. 193). In this Station the 
project was planned by ~aters, and the experimental work was carried out by 
Trowbridge, Moulton, Haigh and associates. In Minnesota the investigation 
was carried out by Haecker and assistants. 
It is not the purpose of this section to quote all the growth data on steers 
available in these two stations, for this would be impracticable. Besides, Dr. 
Moulton has summarized these data in a most admirable manner (cf. Armsby 
and Moulton, The Animal as a Converter of M atter and Energy, monograph 
series of the Chemical Catalogue Co.). 
We merely present two tables, one (Table 1) summarizing the data on 
food consumption, on weight growth and on lineal growth under different 
conditions of food supply, and another (Table 2), summarizing the data 
on the age-changes in chemical composition of the three groups of steers. 
We have plotted the data of Table I on arithlog paper (i. e., paper on 
which equal slopes represents equal percentage changes) to indicate the 
relative effect of food supply on weight growth and on skeletal growth. It 
is evident from the slopes of the curves that the extent of skeletal growth 
during the period of observation was much less than the extent of growth in 
weight; with the result, of course, that less opportunity was offered for modify-
ing the course of skeletal growth, particularly growth in height, (circumference 
of chest, in beef cattle, includes much flesh) than of growth in weight. Indeed 
the curves for growth in height at withers of animals in Group I (fully fed) 
nearly coincide with the curve of animals in Group III (poorly fed). There is, 
of course, the other possibility that while the ration was very inadequate in 
case of Group III with respect to organic nutrients, it may have contained 
sufficient mineral substances to permit nearly normal skeletal growth. 
These explanations for the differences in effect of food supply on the 
relative growth in weight and growth in height at withers seem to the writer 
to be more rational, or at least less vague, than the statement that the "growth 
impulse" is greater with respect to increase in weight than with respect to in-
crease in height at withers. 
Fig. 2. represents a synthesis of charts 1 to 6 and 10 and 11 in Research 
Bulletin 55 of this Station (Moulton, Trowbridge and Haigh). 
In addition to the Missouri data, Table 3 and Fig. 3, summarize the more 
important Minnesota data. These data are based largely on Shorthorn steers 
fed so as to "provide the steers with sufficient feed to satisfy the appetite, but 
not to provide more nutrient than would be utilized." Each steer received 
as much hay and silage as he would eat, and the amount of grain required was 
determined by the feeder. Eating the ration quickly, restlessness, and looking 
for more indicated a need of more feed; while slow feeding, failure to clean up 
the feed box, and sluggishness indicated that less feed would suffice (T. L. 
Haecker, Minnesota Agr. Exp. Sta. Bul. 193). The ages corresponding to 
given weights in Table 3 may be interpolated from the growth curve of 
beef steers presented by Dr. Hogan. 
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Age 
--
Birth 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
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TABLE 1.-FooD CoNsUMPTION AND GROWTH IN HEREFORD-SHORTHORN STEERS 
(Missouri data) 
GROUP! I GROUP II GROUP III Full fed ccNormal" fed Light fed 
---------------------------
---1-
Dry Height Dry Height Dry 
matter Live Heart at matter Live Heart at matter Live Heart 
eaten weight girth withers eaten weight girth withers eaten weight girth 
lbs. mo. lbs. em. em. lbs. mo. lbs. em. em. lbs. mo. lbs. em. 
------------
---
---
---------
------
----- --
80 74 68 
-------
80 74 68 
-------
80 74 
43 139 86 76 
-------
127 86 76 
---- ---
133 86 
60 179 96 83 51 154 93 82 45 152 93 
93 217 105 88 75 185 98 85 63 176 98 
138 269 112 92 96 218 103 88 84 198 102 
208 329 119 95 136 255 109 91 106 225 106 
245 385 126 99 173 294 115 93 119 256 110 
272 447 133 102 195 349 121 96 117 288 113 
304 502 140 105 189 379 127 98 120 296 117 
376 557 147 108 218 405 133 101 138 313 121 
424 621 154 111 246 449 138 103 148 336 125 
464 687 161 114 273 489 143 106 151 359 129 
492 744 166 117 278 536 149 108 173 377 133 
513 817 172 119 284 566 152 111 173 418 137 
519 880 177 121 287 598 155 113 174 430 140 
548 942 181 123 290 632 157 115 177 447 143 
590 1001 185 124 289 655 159 117 183 464 146 
567 1045 189 126 292 683 161 119 192 487 149 
549 1093 191 127 291 707 164 121 194 498 151 
522 1125 193 127 303 731 166 123 194 516 153 
493 1155 196 128 308 758 168 125 209 541 155 
483 ll92 199 129 315 785 170 127 288 563 157 
501 1242 201 130 323 819 172 128 233 582 159 
504 1266 204 130 319 839 174 130 232 599 100 
524 1305 206 131 318 857 176 131 232 613 161 
532 1356 209 132 319 877 177 132 232 633 163 
564 1399 212 133 313 896 178 133 230 642 165 
554 1433 215 133 302 915 180 133 233 659 167 
556 1465 217 134 299 926 181 134 231 668 169 
566 1502 220 135 300 936 183 135 
-------
654 171 
557 1533 222 136 299 950 185 136 463 673 173 
557 1566 224 136 291 958 186 136 251 700 174 
565 1595 226 137 287 968 188 137 246 703 176 
558 1621 228 137 293 968 190 137 219 713 177 
560 1652 230 138 298 970 191 138 
-------
710 177 
546 1678 232 139 307 979 193 139 462 724 177 
539 1696 234 139 320 984 194 139 245 734- 177 
515 1715 236 140 322 1005 194 140 247 755 178 
518 1741 237 140 326 1016 195 140 248 772 178 
557 1767 239 141 328 1025 196 141 248 784 179 
550 1799 241 141 345 1034 197 141 247 789 180 
-------
1781 242 142 353 1118 198 142 267 811 181 
--- ----
1815 244 142 357 1149 199 142 287 866 183 
530 1838 245 143 364 1171 201 143 313 877 185 
558 1872 246 143 364 1189 203 143 290 900 187 
595 1912 248 143 364 1198 205 143 
------- -------
189 
584 1940 249 143 392 1251 207 143 
------- -------
192 
554 1952 250 143 
-------
1232 209 143 
------- -------
194 
---- ---
1965 250 143 
-------
1255 210 143 
------ - -------
196 
9.5 
Height 
at 
withers 
em. 
68 
76 
82 
85 
88 
91 
93 
96 
98 
101 
103 
106 
108 
111 
113 
us 
ll7 
ll9 
120 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
132 
133 
134 
135 
136 
136 
136 
137 
137 
138 
138 
139 
139 
140 
140 
141 
141 
142 
143 
96 
Age 
MissouRI AGR. ExP. STA. RESEARCH BuLLETIN 96 
TABLE 2.-AGE-CHANGES IN THE CoMPOSITION oF CATTLE 
(Entire body, "empty" weight) 
"NORMAL" FED LIGHT FED FULL FED 
P Ash Fat HsO N P Ash Fat H20 N P Ash Fat 
-----------------------------------
185* 
232* 
279* 
Birth 
3 mos. 
5.5 mos. 
8.5 mos. 
I 
11.0 mos. 
16.5 mos. 
18 mos. 
21 mos. 
21 mos. 
26 moo. 
34 mos. 
36 ·mos. 
38 mos. 
40 mos. 
40.5 mo•. 
44.5 mos. 
47 mos. 
48 mos. 
60 mos. 
84.8 1.7 . 28 1.78 2.4---------------------------------------- ----------
78.7 2.0 .37 3.18 2.6---------------------------------------- ----------
74.2 2.7 .69 4.06 3.4--------------------------------------------------
73.6 2.8 .82 4.39 3.5--------------- ---- ----- - -------------------------
67 .6 3.2 .85 4.89 7.2 71.5 3.2 .73 4 . 30 4.3 66.0 3.17 .85 4 .76 9.5 
64.4 3.1 .87 4.94 10.4 67.8 3.2 .86 · 4 . 81 6.7 57.2 2.73 .72 4 .00 20.8 
63.1 2.9 .78 4.31 13.7 66.5 3.1 .90 4.92 8.4 61.2 2.94 .70 3.9 15.6 
-------------------- 58.7 2.9 .66 3.70 26.0 
63 . 0 3.0 .77 4 .62 13.3 64.8 2.9 .80 4.52 11 .5 57.6 2.8 .61 3.74 20.4 
60 .4 2.9 .90 4.87 16 .0 _____ ------ -------------- 54.4 2.7 . 73 3.95 24.4 
-------------------------------------------------- 57.3 2. 8 .88 4.83 19.3 
58.3 2.9 .92 4.94 17.4 65.4 3.0 .88 4.97 10 .0 53.0 2.7 .66 3.70 26.0 
-- · -·---·-Very emac iated 69.8 3.3 1.25 7.0 2.2---------- ••••• ----------
------------------------- 64.6 3.1 1.08 5 .84 9.8 50.9 2.6 .71 3.92 28.7 
62.0 3.0 .86 5.08 14.4 64.1 3.1 .80 4.86 11.3-------------------------
58.0 2.9 .76 4 .85 18.8----- -------------------- 46.6 2. 2 .58 3.67 35.6 
50.0 2.5 .74 4.1 29.7 57.3 3.0 1.07 5 .7 18 .0-------------------------
54.6 2.8 .79 4.66 23 .3----- ------------------------- ---- - ----- -- --------
56 .6 3.0 .85 4.79 19.7----- ---- -Very fat ----- 39 .8 1.98 .50 2.97 4.46 
--------------- ----- ----- 63.5 3.3 .98 5.63 10.2----- ---------- ----- -----
57.6 3.2 .87 4.97 16.6 58.4 3.2 . 87 4 . 93 16 .0 41.4 2.1 .59 3.12 41.8 
----- ----- ----- ----- ----- ----------Very fat ----- 39.8 2.0 .58 3.27 43.6 
52 .7 2.9 .89 5.01 23.7 58 . 1 3.13 .87 4.97 16.9---- - -------- -- ----------
-------------------------- - ----- - --Very fat ----- 41.7 2 . 1 .62 3.45 41.3 
*Days from conception 
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TAlliE 3._:.FEED.CONSUMPTION AND CoMPOSITION OF STEERS AT VARIOus BoDY WEIGHTS UNDER 
. . . "NORMAL" CONDITIONS OF GROWTH .. . . .. . . . 
(Minnesota Data) , 
Sectioiz 1.-Daily average feed consumption during weight intervals of 100 pounds 
Weight Dry Pro- Car-
Grain Hay Silage matter tein bohy- Fat 
from to drates 
---------
---------
Lbs. Lbs. Lbs. Lbs. Lbs. 2.597 0.437 1.336 0.143 
100 200 0.85 0 .96 0.06 6.102 0.708 3 . 154 0.161 
200 300 2.61 3 .09 1.67 8.132 0. 773 4.161 0.219 
300 400 3.62 4 . 19 4.70 9 .805 0.867 5 .032 0.259 
400 500 4.40 4 . 86 7 . 26 11.883 1.034 6.096 0. 331 
500 600 s .23 5.81 8.10 13.300 1.198 7.039 0. 359 
600 700 6.19 7.53 5.60 15.021 1.402 7.639 0.382 
700 800 7.61 8.70 2.42 16.182 1.551 8.325 0.424 
800 900 8.53 8.41 5.51 17.317 1.616 9.171 0.468 
900 1,000 8.91 7.37 ll.59 17.879 1.580 9.741 0.462 
1,000 1,100 9.53 6.87 13.41 18.575 1.614 10. 298 0.528 
1,100 1,200 10 . 56 6 . 74 13 . 30 
------- ------- ------- -------
Section 2.-Percentage Composition of Steers at Giuen Weights (Normal Weight Basis) 
Normal Fresh Dry 
weight Wane material Water m<lttcr Protein Fat Ash 
Lbs. Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
100 15 . 15 84.85 60.94 23.91 16. 88 3.41 3. 62 
200 21.04 78.96 55 .62 23 . 34 15 . 12 4 . 73 3.49 
300 18.34 81.66 53.67 27.99 15.32 9.17 3.50 
400 18.35 81.65 53.71 27.94 15 .77 8 .63 3. 54 
500 17.09 82.91 52. 12 30.79 15 . 89 11.41 3.49 
600 18.83 81.17 50.67 31.50 15.75 12.22 3.53 
700 17.02 82.98 50.07 32;91 15.43 13.76 3.72 
800 15 .ll 84.89 49.60 35.29 15 .96 15.73 3.60 
900 14.48 85.52 46.27 39.25 15.10 20.59 3.56 
1,000 12.64 87.36 45.43 41 . 93 14.93 23.54 3.46 
1,100 11.93 88.07 42.07 46.00 14.43 28.21 3. 36 
1,200 9.51 90 .49 43.38 47. 11 14.49 29.27 3.35 
1,300 11.65 88.35 42 . 35 46.00 13.95 28 .71 3.34 
1,400 12.57 87.43 41 .76 45.67 14.12 28 .48 3.07 
1,500 10.34 89.66 38.98 50.68 14. 10 33. 71 2 .87 
Steers from 
pasture 
600 20.63 79. 37 51.14 28.23 15.48 8.74 4 .01 
700 17.23 82.77 50 .95 31.82 15 . 98 12.06 3. 78 
800 18.35 81.65 45.98 35.76 14. 98 17.43 3 .35 
1,000 18.89 8l.ll 47.37 33.74 .15 .46 14.64 3 .64 
1,200 13.71 86.29 45.30 40 . 99 14.44 23.39 3. 16 
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Section 3.-Percentage of the Separate Parts of Bodies of Steers at Given Weights, Exclusive 
of Contents of Digestiue Tract 
Weight 
of body 
Lbs. 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1,000 
1,100 
1,200 
1,300 
1,400 
1,500 
Inedible Edible Cart. and 
off~! offal Flesh Bone tendons Blood Skin 
Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
9.47 5.48 43.06 22.79 2.56 6.41 9.48 
11.18 5.28 45.23 19.44 2.24 6 .00 9.56 
11.22 6.06 48.92 16.15 2.29 6.07 8.65 
9.68 5.52 50.09 16.51 2.62 5.68 9.05 
9.05 5.60 52.92 15.87 2.11 4.97 8.29 
9.24 5.75 51.58 15.82 2.34 5.17 8.80 
9.09 5.49 53.52 14.98 1.80 4.94 9.34 
9.18 5.61 55.69 13.95 1.69 4 .64 8.49 
7.47 6.38 58.51 12.77 1.66 4.15 8.22 
5 . 21 9 .06 58.77 11.48 2.17 4.01 7. 78 
5.05 10.12 59.82 10.60 2.18 3 .98 6.76 
4 . 36 10.74 60.68 10 . 55 1.92 3 .90 6. 73 
4.17 11.05 59 . 38 10.12 3.13 4.20 5.97 
4.84 9.10 62.75 11.18 1.12 3 . 88 6.23 
5. 15 11.45 62.27 9.40 0.97 3.01 6.76 
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Growth of Draft Colts 
E. A. TROWBRIDGE AND D. w. CHITTENDEN 
All data reported below are for purebred Percheron colts, bred by the 
Missouri Agricultural Experiment Station. The data presented in some groups 
are so meager that no attempt has been made to draw conclusions at this 
time. Some of the curves and data represent only one individual. The foal 
crops of 1923 and 1925 were divided, a part of each crop being placed in the 
"full fed" group and a part in the "limited fed" group. All of these colts 
were by the same sire. The foal crop of 1919 constitutes the "normally fed" 
group and were sired by a different and slightly larger sire than those in the 
other two groups. All male colts were castrated at approximately one year of 
age. 
The following practice was used in handling the colts which were foaled 
in the spring. During the day, while their mothers were at work, the colts were 
kept in the stable and lot. They were weaned at approximately 6 months of 
age. During the first winter they were kept in box stalls at night, two colts 
in each stall, and turned out for exercise, in large lots, during the day. About 
May 1st they were turned on grass and fed grain once a day. About the 
latter part of November, depending upon weather conditions, they were 
brought to the barn and kept there until the following spring. They were fed 
grain and hay twice daily during this period and at the end of it they were 
again turned on grass and fed grain once a day. The following November or 
December they were brought to the barn for winter and broken to work for 
the following spring. 
In the experiments reported herein Table 1 and Fig. 1 show the course 
of growth in weight of Percheron geldings fed in three different groups, 
namely full fed, limited fed and normally fed. All groups of colts received a 
grain ration consisting of 2 parts ground corn, 2 parts ground oats, and 1 part 
bran by weight, and all th.:: pea-green alfalfa hay that they would eat. The 
animals in the full fed group were given all the grain and pea-green alfalfa 
hay they would eat. When on pasture the hay was eliminated, but the colts 
in the full fed group were fed all the grain they would eat. The colts in the 
limited fed grain group were fed one-half the amount of grain given to the 
colts in the full fed group, but they were allowed all the pea-green alfalfa hay 
they would eat during the period when not on pasture. The colts in the nor-
mally fed group were given approximately ~ the amount of grain fed the 
full-fed group and all the hay they would eat. 
Table 2 and Fig. 2 show the increase in weight of fillies fed and cared for 
in a manner similar to that employed for the geldings. 
From birth to 2;4 years of age the average total feed fed per colt, in 
the full fed group, was 6870 pounds of grain, and 3560 pounds of hay; for the 
limited fed grain group 3650 pounds of grain and 4611 pounds of hay. 
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The data on linear growth presented in Table 3 and Fig. 3 represent 
averages of all the females and averages of all the geldings in all the groups, 
regardless of the a~ountof feed fed. 
TABLE 1.-DATA ON GROWTH OF PERCHERON GELDIN~s. 
Age No. of Limited No. of Normal No. of Full 
Weeks Animals Fed Animals Fed Animals Fed 
. Birth 2 135 !bs. 
- ----
1 I40 lbs. 
I 2 I70 
-
-·-
I I 50 
. 2 2 204 
-
_ .. I I90 
3 2 230 
-
I 203 
4 2 250 
- ---
1 210 ' 
5 
-
--- - --- - ---
6 
- --- - --- - ---
7 
- --- - --- - ---
8 2 342 
- ---
1 280 
I2 2 416 
- ---
I 343 
16 2 482 I 460 I 400 
20 2 509 2 460 I 448 
24 2 . 564 3 513 I 470 
28 . 2 588 3 563 1 •. 530 
32 2 640 3 593 I 560 
36 2 682 3 642 1 620 
40 2 . 717 3 683 1 660 
-44 
. 2 755 3 720 1 710 
48 2 813 2 770 1 740 
52 2 839 2 825 I 830 
56 2 889 1 900 1 898 
60 2 938 1 930 I 933 
64 ·' 2 978 I 960 1 953 
68 2 100I 1 1000 1 950 
72 2 10I5 I 1020 I 1051 
76 2 1063 2 1018 1 1Q71 
80 2 1060 2 1060 . I 1085 
84 2 1065 2 1160 I I060 
88 2 1070 3 1153 I 1120 
92 2 1105 3 1163· 1 11~0 
96 2 1083 I 1240 1 1170 
100 2 1145 1 1250 1 1170 
104 2 1155 3 1256 1 1242 
108 2 1191 3 1310 1 1240 
112 2 I238 3 1308 I 1276 
il6 2 I255 3 1313 1 1320 
120 2 1313 3 1301 I 1300 
124 2 I302 3 1321 l . 1359 
I28 2 1338 3 1321 1 1393 
132 2 1350 3 1287 1 1400 
136 2 1350 3 1272 I 1370 
1.40 2 1325 3 1244 1 1400 
144 2 1346 3 1257 1 1395 
148 2 1350 3 1243 I 14!5 
152 2 1318 1 1352 1 1435 
156 2 1328 1 1310 1 1372 
160 2 . 13I7 
- ----
1 
----
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TABLE 1.-DATA ON GROWTH OF PERCHERON GELDINGS (Continued) 
-----Age No. of Limited No. of Normal No. of Full 
Weeks Animols Fed Animals Fed Animals Fed 
164 1205 1320 
•!68 2 1298 1330 
172 2 1340 1345 
176 2 1333 
180 1435 
184 1430 
188 
192 
196 
200 
204 
208 
212 
I.-One colt in the limited fed group was caatrated at 43 weeks of age, the other at 51 weeks. 
2.-0ne colt in normally fed group was castrated at 42 weeks of age, one 43 wks. and one 53 weeks. 
3.-The colt in the full fed grain group was castrated when 46 weeks old. 
TABLE 2.-DATA ON GROWTH OF PERCHERON MAREs 
Age No. of Limited No. of Normal No. of 
Weeks Anima !a Fed Animals Fed Animals 
lb!. lhs. 
B~rth 2 140 2 116 4 
1 2 178 2 ISO 4 
2 2 195 3 221 4 
3 2 225 6 253 4 
4 2 270 4 280 4 
8 I 310 5 344 2 
12 1 410 5 421 2 
16 1 490 5 492 2 
20 1 570 8 560 3 
24 1 640 8 619 4 
28 2 661 10 641 4 
32 2 705 12 698 4 
36 2 760 13 738 4 
40 2 815 12 773 4 
44 2 878 12 806 4 
48 2 905 12 843 4 
52 2 940 12 878 4 
56 1 990 10 935 4 
60 2 1049 7 1000 4 
64 2 1111 6 1083 4 
68 2 1138 7 1104 4 
72 2 1145 7 1109 4 
76 2 1165 7 1116 4 
- 80 I 1197 7 1138 4 
84 2 1179 8 1163 2 
88 2 1188 8 Il85 2 
92 2 I210 8 1216 4 
96 1 1198 7 1239 4 
100 I I240 7 1270 2 
104 I I240 4 1310 2 
1325 
1310 
1350 
1360 
1370 
1380 
Full 
Fed 
lbs. 
146 
178 
203 
229 
254 
346 
427 
526 
585 
630 
668 
711 
776 
823 
874 
920 
974 
1054 
1086 
1141 
1146 
1186 
1198 
1228 
1230 
I270 
1271 
1311 
1388 
1398 
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TABLE 2 .-DATA ON GROWTH OF P E RCHERON MARES (Continued) 
Age No. of Limit ed No. of Normal No. of Full 
Weeks Animals F ed Animals F ed Animals Fed 
108 1 1315 4 1378 2 1433 
112 I 1320 4 1365 2 1431 
116 1 1355 4 1419 2 1466 
120 I 1412 4 1395 2 1509 
124 1 1433 4 1418 2 1510 
128 1 1450 4 1373 2 1536 
132 I 1427 4 1375 2 1503 
136 I 1435 4 1346 2 1524 
140 1 1410 4 1323 2 1540 
144 I 1432 4 1319 2 1575 
148 I 1430 4 1358 2 1588 
152 
- -- -- .. 
4 1361 2 1600 
156 
-
----
4 1375 2 1568 
160 
- --- -
4 1328 2 1534 
164 
- --- -
4 1350 2 1560 
168 
- ----
4 1343 2 1619 
172 
- --- -
3 1360 2 1620 
176 
- ----
2 1425 2 1590 
180 
- ----
2 1495 2 1635 
184 
- ----
2 1400 I 1485 
188 
- -- --
2 1490 
-
----
192 
-
----
4 1512 2 1436 
196 
- -- --
4 1541 2 1443 
200 
- ----
4 1550 
-
--- -
204 
- --- -
4 1462 
- ----
208 
- ----
4 1448 
----
212 
- ----
4 1420 
- --- -
216 
- ----
4 1340 
- -- --220 
- --- -
4 1315 
- ----224 
- --- -
4 1323 
- -- --
228 
- -- --
4 1338 
- - ---232 
- - - - -
4 1345 
- - - --
236 
-
----
4 1390 
- ----
240 
- -- --
4 1409 
- - ---
244 
- -- --
4 1457 
- ----
248 
- -- --
4 1495 
- --- -
252 
- ----
4 1503 
- --- -
256 
- ----
4 1505 
- ----
260 
----
4 1495 
----
264 
-
----
4 1425 
- ----
268 
- ----
3 1420 
- --- -272 
- ----
4 1398 
- ----
276 
- ----
4 1423 
- ----
280 
- ----
4 1403 
-- --
284 
- ----
4 1415 
- -- --
288 
- --- -
4 1250* 
- ----
292 
- -- --
4 1500 
- ----
296 
- ----
4 1518 
- ----
300 
-
--- -
4 1490 
-
----
304 
-
----
3 1480 
-
--- -
308 
- --- -
3 1493 
- ----
312 
-
-- --
1 1740 
-
--- -
*Mare in Normal group foaled. 
One mare in Full F ed group foaled during the I 84th week and o ne during t he I 87th week. 
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TABLE 3.-MEASUREMENTS OF HEIGHT AT WITHERS AND CIRCUMFERENCE OF CHEST OF PER-
CHERON FILLIES AND GELDINGS 
Fillies Geldings 
Circum- Circum-
Age in weeks, Number of Height at ference of Age in Number of Height at ference of 
animals withers chest weeks animals withers chest 
em. em. em. Ctlt. 
Birth 3 107.4 93.47 Birth 3 102.6 86.8 
I 3 107.2 98.55 I 3 102.61 92.20 
2 3 110.5 103 .I 2 3 104.40 97.12 
3 3 113 .0 106.7 3 3 107.20 101.60 
4 3 114.6 109.9 4 3 108 .4 104 .6 
5 3 166.6 114.8 8 3 115.6 114.8 
9 3 122.7 125.0 12 3 119.9 122.4 
13 3 127.0 132 .6 16 3 123.7 129.0 
17 3 130. 8 142.2 20 3 124.9 131.6 
21 3 133.3 142 .2 24 3 128.3 135.9 
25 4 135.1 144.510 28 3 130.50 139.7 
29 3 137.9 151.10 32 3 133 . 80 144.3 
33 4 141.2 157 .0 36 4 135 . 60 H8.3 
37 3 142.2 !57 .2 40 3 137.90 151.6 
41 3 145.3 160.8 44 3 140.50 155.7 
45 3 147.0 164.8 48 4 142.2 !57 .5 
49 3 148. 3 166.6 52 3 143.2 158.2 
53 5 147. 3 167.6 56 3 143 . 2 162.3 
57 3 150.3 171.7 60 3 146.00 159.5 
61 5 150.6 173 .7 64 4 146.50 165.6 
65 4 152 .4 173 .7 68 3 147 .32 168 . 1 
69 4 154.5 178.8 72 4 149.60 171.7 
73 5 153 .6 179.6 76 4 149. 50 173 .9 
77 4 154.4 181.6 80 3 149.9 176.0 
81 4 156.9 184.2 84 3 151.60 177. 5 
85 4 158 . 7 187.7 88 3 152 .90 180.8 
89 4 156 . 7 188.2 92 5 155.20 182 .6 
93 4 156.9 189.5 96 5 155 .70 183.4 
97 4 159.0 191.8 100 3 !56 .90 181.1 
101 4 159.2 190.8 104 4 157.20 184.4 
105 3 161.5 194.3 108 4 156.50 183.1 
109 4 160.0 192.8 112 4 156.70 183.6 
113 4 161.0 193 .5 116 4 157 .70 185.6 
117 4 161.8 194.0 120 4 158.5P 187.7 
121 4 161.7 195. 3 124 4 157.50 188 .9 
125 4 161.5 194 .3 128 3 157.90 190. 7 
129 4 161.7 197.4 132 4 160.00 192.2 
133 4 162 .8 198.1 136 4 160.80 192.0 
I37 4 i62.8 199 .6 140 4 161.50 193.50 
141 3 164.6 200 .6 144 2 161.00 192.30 
145 2 160.0 193.0 148 2 160 .00 196.8 
149 2 160. 8 193.0 !52 2 164.00 19.7 . I 
153 4 163 .I 201.9 
--- - ----- - ------
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Growth of the Domestic F ow 1 
H. L. KEMPSTER 
Tables 1, 2, 3, and 4 present the results from the Missouri Agricultural 
Experiment Station for Barred Rocks, Buff Rocks, White Rocks, and Rhode 
Island Whites. The slower growth made by the White Rocks as compared 
to the other breeds was in all probability due to management. It will be 
observed that at the age of 24 weeks this variety had attained practically the 
same size as had the other three, indicating that the birds were probably 
not as liberally fed during the earlier period. No great importance can be 
attached to the feed consumption. The yards were covered with wheat 
which furnished considerable grain for a period of one month and this accounts 
for the fluctuation in food consumption for that period. It is believed that 
the total feed consumption would have been approximately a third higher 
if the birds had not had access to this supply. Figure 1 shows the growth curves. 
The difference in the rate of growth of cockerels and pullets appears at an 
early age. At the age of 12 weeks the pullets weighed approximately 730 
grams as compared to 900 for the cockerels, while at 24 weeks the cockerels 
weighed 700 grams more than did the pullets. 
I. WHITE ROCKS 
Table 5 compares data from three different sources for White Rocks. 
Here it is evident that there is a wide difference in the various strains. The 
cockerels from Illinois weighed 1638 grams at the age of 24 weeks as compared 
to 2540 grams for the Missouri birds and 2900 grams for the birds from Purdue 
University. Similar differences occur for pullets at the same age. For capons, 
the Purdue data show capons and cockerels to be practically the same weight 
at the age of 24 weeks. The Illinois data show very little difference in the size 
of capons and cockerels, epecially between the ages of 36 and 46 weeks. 
II. RHODE ISLAND REDS 
Table 6 summarizes data relative to Rhode Island Reds. If the weights 
at 26 weeks are any criterion of strain differences, the North Carolina strain 
was slightly smaller than the U. S. Department of Agriculture strain. In these 
data it may be observed that those lots that had access to milk made more 
rapid gains, although the differences in size at the age of 34 weeks were not so 
marked. The cockerels were caponized at the age of 11 weeks. In this case the 
capons at the age of 34 weeks averaged 119 and 134 grams heavier than did 
cockerels kept under similar conditions. 
Table 7 summarizes data for Rhode Island Red pullets. Here at the age 
of 22 weeks the weights are quite similar with the exception of the lots not 
fed milk which at that age averaged 227 grams lighter than did those fed both 
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milk and water. Four weeks later there was a difference in weight of 127 
grams. In fact the addition of milk to the ration reduced by three weeks the 
time required to bring the pullets up to the weight of 2 pounds. 
III. OTHER DATA 
Table 8 summarizes the growth of White Leghorns while Table 9 in-
cludes other breeds such as Hamburgs, Cornish, Brahmas, and Leghorns. 
In Table 9 attention should be called to the fact that monthly weights were 
taken and this should be remembered in comparing these figures with the 
preceding data. 
Table 10 summarizes the data for the weight of various breeds at age of 
12 and 24 weeks. The wide variation between the weights of even the same 
variety suggest the necessity of further investigation. While some of the 
differences may be due to strain characteristics, evidently this could not ex-
plain all the variations. Certain environmental conditions, such as sanitation, 
parasites, and management, have influenced the results. These points should 
by all means be considered in making comparisons. 
A NOTE ON THE GROWTH OF THE CIDCK EMBRYO 
The critical analysis of the literature on growth of the chick embryo by 
Needham (1924, 1925), relieve us from the necessity of considering this phase 
of growth of the domestic fowl in this bulletin. Since the appearance of 
Needham's monographs, notable contributions to this subject have been made 
by Murray, by Cohn and Murray, and by Schmalhausen. References to these 
later papers as well as to the older works (Bohr, Hasselbalch, Lamson and 
Edmond, Mellanby, Plimmer, Payne, Tomita, Atwood and Weakley, and 
others) are given in the bibliography at the end of this bulletin. 
-S. B. 
TABLE I.-BARRED RocKs 
Age in Ck!s. Pullets Feed Milk Eggs Dry Mat-
Weeks No. Gms. No. Gms. pounds pounds pounds ter, po~nds 
0 32 37 .5 22 38.7 
---- ---- 1'" --- __ ,., __ 
I 32 62. 23 55. .06 .16 AZ :os 
2 33 89 . 5 23 78.3 .09 . 16 ;48 . . .. 098 . 
3 30 126 . 23 121. . 125 .20 . 62 .134 
.f 33 184 23 169. .176 .20 .57 .18 
5 33 240 23 214 .386 . 16 .45 . 36 
6 . 33 296 23 263 . 454 .16 
----
.425 
t . 31 386 ·. 23 338. .706 .16 
----
.65 
.8 34 460. · 23 429 .315 .17 
----
.30 
9 34 579 23 497 .601 .5 
----
.59 
Hi 34 782 23 656 .759 .4 
----
. 66 
II- 34 824 23 709 .79 .2 
----= . 73 
12 35 956 54 702 .71 . 2 
----
~ 66 
13 35 1030 54 875 .44 .3 
----
.42 
·14. 35 1130 54 954 .95 . 34 
----
.. 86 
IS 35 1291 54 1008 .85 .42 
----
.81 
16 35 1398 54 1096 .915 .41 
----
.86 
17 35 1526 54 1291 1.020 .38 
----
.92 
18 35 1611 54 1293 1.03 .391 
----
.97 
19 35 1788 54 1353 1.10 .91 
----
1.08 
20 35 1966 54 1476 1.44 .96 
----
1.39 
21 34 2191 54 1568 1.62 .96 
----
1.55 
22 34 2304 54 1684 1.46 .93 
----
1. 31 
23 34, 2489 54 1756 1.69 .58 
----
1. 58 
24 34 2553 54 1785 2. 21 
---- ----
1. 99 
28 
-- ----
so 2122 
---- ---- --- - ----
31 
-- ----
50 2286 
---- ---- ---- -- --35 
-- ----
50 2413 
---- ---- ---- ----44 
-- ----
50 2884 
---- ---- ---- ----
TABLE 2.-BuFF RocKs 
Age in C k!s. Pullets Feed Milk Eggs Dry Mat-
Weeks No. Gms. No. Gms. pounds pounds pounds ter, pounds 
0 64 40 . 6 56 40.9 
---- ---- ---- --- -
.I 64 66.5 56 64 .9 .039 .12 .056 .058 
2 64 96.6 56 95 .5 .126 . 12 . 101 .145 
3 64 160.1 56 142 .3 .274 .16 .056 .257 
4 64 195 56 187 .243 .20 :019 .243 
5 64 228 56 211 .299 .24 
----
.291 
6 64 314 56 295 .383 .24 
----
.37 
7 64 444 56 400 .628 
---- ----
.57 
8 64 552 56 484 . 709 .2 
----
.66 
9 64 681 56 602 .709 .2 
----
.66 
10 64 724 56 638 .843 . 23 
----
. 78 
11 64 807 56 722 .958 .297 
----
.89 
12 64 935 53 823 . 95 .29 
----
.88 
13 17 1256 54 964 .82 .2 
----
.758 
14 16 1341 50 1036 . 336 .16 
----
.32 
15 15 1394 52 1038 .45 
---- ----
.405 
16 15 1480 47 1102 .45 
---- ----
.405 
17 15 1627 51 1203 . 59 
---- ----
.53 
18 15 1656 53 1267 . 77 
---- ----
.69 
19 14 1838 51 1287 1.02 
---- ----
.92 
20 14 1983 53 1505 1.76 .145 
----
1.59 
21. 11 2128 52 1558 1. 38 .66 
----
1.3 
22 11 2309 52 1768 1.444 .85 
----
1. 38 
23 11 2621 52 1795 1.484 .626 
----
1.39 
24 11 2627 52 1859 1.39 .597 
----
1. 31 
26 
-. 
----
53 1982 
---- ---- ---- ----30 
--
_.., __ 54 2214 
---- ---- ---- ----35 
-- ----
51 2385 
---- ---- ---- ----48 
-- ----
55 2885 
---- ---- ---- -- --
TABLE 3.-R.HooE IsLAND WHITES · 
Age in Ck1s. Pullets Feed Milk Eggs Dry Mat-
Weeks No. Gms. No. Gms. pounds pounds pounds ter, pounds 
0 103 37 109 36.3 
---- --- - ---- ----
I 104 60.2 109 57.2 .073 .12 .005 .0781 
2 105 96 109 85 .156 .236 .013 .18 
3 105 124 109 117 .247 .291 .053 . 253 
4 104 184 109 153 .309 .222 .013 . 30 
5 102 215 109 199 .337 . 21 
----
.324 
6 102 316 109 371 .39 . 35 
----· 
.386 
7 102 371 109 327 .537 .32 
----
.515 
8 104 502 109 431 .641 .384 ---- .615 
9 103 605 109 531 . 709 . 289 ---- .667 
10 103 743 109 620 .749 .268 --- - .701 
11 101 826 109 654 . 717 . 282 ---- .674 
12 88 952 109 764 .739 .602 
----
. !3-
13 48 1171 108 871 1.021 .292 
----
.938 
14 38 1312 108 977 .666 .368 
----
.637 
15 37 1455 108 1062 .858 . 255 ---- .798 
16 35 1609 108 1157 .867 .54 
----
.834 
17 36 1739 108 1210 .981 .394 
----
.92 
18 36 1839 108 1282 1.042 .417 
----
.979 
19 37 1993 108 1360 1.12 . 336 ---- 1.04 
20 37 2063 108 1431 1.027 .673 
----
.99 
21 37 2113 108 1481 1.12 .644 
-- --
1.644 
22 32 2290 108 1587 1.28 .718 
----
1.224 
23 31 2371 108 1666 .998 .543 
----
.95 
24 33 2486 104 1743 1.20 . 399 
----
1.12 
25 
-- ----
90 1737 
---- ---- ----
----
29 
-- ----
89 2113 
---- ---- ---- ----
34 
-- ----
88 2236 
---- ---- ---- ----
45 
-- ----
88 2463 
---- ---- ----
--- -
TABLE 4.-WHITE ROCKS 
Age in Ckls. Pullets Feed Milk Eggs Dry Mat-
Weeks No. Gms. No. Gms. pounds pounds pounds ter, pounds 
0 165 33.5 190 34 . 
---- ---- ---- ----
1 165 53 . 1 190 57.7 .05 .052 .0045 .05 1 
2 162 74.4 188 72.6 .13 .065 .0064 .125 
3 162 105.5 189 104 . 1 .184 . 144 .001 . 18 
4 164 151.4 189 141.5 .31 .274 .0005 .306 
5 159 177 186 168 .23 . 19 
----
.226 
6 162 246 183 213 .27 .27 
----
.27 
7 163 310 183 267 .39 .29 
-- --
.38 
8 161 381 185 336 .44 .20 
--- -
. 
.416 
9 161 468 184 392 .54 .23 
----
.51 
10 160 557 185 481 .56 . 25 
----
.53 
11 139 667 181 580 .76 . 22 
----
.71 
12 111 750 182 619 .87 .38 
----
.82 
13 111 841 181 697 1.06 .46 
----
1.00 
14 104 863 182 770 .85 .51 
----
. 82 
15 109 961 179 863 1.06 .53 
----
1.01 
16 113 1160 179 963 .98 .60 
----
. 94 
17 113 1371 179 1034 1.09 .58 
----
1.04 
18 82 1531 177 1131 1.15 .59 
----
1.094 
19 72 1705 173 1242 1.15 .54 
----
1.09 
20 71 1784 177 1314 1.28 .36 
----
1.19 
21 61 1986 182 1414 1.08 .34 
----
1.02 
22 53 2000 130 1407 1.24 .so 
----
1.17 
23 34 2091 98 1758 1.4 .73 
----
1.33 
24 33 2540 104 1929 1.6 .86 
----
1.53 
28 
-- ----
168 2102 
---- ---- ----
----
32 
--
----
175 2349 
---- ---- ---- ----
40 
-- ----
173 2689 
---- ----
---- ----
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Fig. 1.-The course of growth in the domestic fowl plotted from Tables 1 to 4. 
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TABLE 5.-GROWTH DATA FOR WmTE 
Main F<maln 
Source of Mitchem .. Kempster .. Fhilips1 :Mitchell. : Kemp~ter .. 
Data · .· ·et ·a;t .. ~· ···· ·enrl···:· 1--·-"" ... ... 
Age in 
Weeks gmJ. gmJ. gmJ. gmJ. gms., 
0 46 33 31 ' - 46 . . -- · --"j~ . 
1 " . . -. 55 .• ....... 53.• 
2 87 74 98 8.5 .. . ~- . "73": .. -
3 105 104 
4 178 151 184 163 141' 
s 177 168. 
6 308 246 370 280 213 
7 310 268 
8 477 381 581 416 336 
9 468 392· 
10" 605 551 850 535 481 
11 667 550 
12 716 750 1295 602 619 
13 841 697 
14 907 863 1595 752 770 
15 
----
961 . 863 
16 1150 1160 1830 919 963 
17 1371 1033 
18 1229 1531 2110 . 1036 1131 
19 1705 
; ----
1242 
20 :1347 1784. 2390 '1140 1314 
21 1986 
----
1414 
22 1557 2000 . 2592 1285 1407 
23 2091. 
. ----
1758\ 
24 1636 2540 2900 : 1403 2006 
26 1756 1533 
28 1962 '1647 2102 
30 2135 . 1734 
32 2062 ; 1774 2349 
34 2515 ,2025 
36 2536 , 2005 
3ll 2623 I 
---- ' -.---· 
.. J: ~ :.:. - -~- ----40-- 2798 · .. :.·-. .... :;;.-.,;..;;:, .. -···""' •• ..Z86.S..--
42 .2744. .. ___ ,_ 
.... 
----44 2804 
46 2778 
----
RocKs 
Philip a 
gm.!. 
. .. 37" 
... ...... 98 
j84 
"370 
·ssr 
"?SO 
1030 
1300 
1:J,60 
.1630 
)770 
20'15 
2270 
2450 
2550 
-.-~.- . 
----. 
. ·•" . 
.... , ... -113 
Capon! 
Mitchell! Philips• 
et· al· 
.. : ... 
gms. g1iiJ. 
' 
., .... 
~ ----
675 1165 
892 1488 
1095 1720 
1271 2000 
1379 2325 
1658 2535 
1849 2870 
1899 3055 
2206 3400 
2330 3520 
2371 3650 
2449 3790 
2385 3960 
2497 4120 
2587 .... 4200 .. 
. 25-16 
.. 
2679 
27S9 
•Data by H. H. Mitchell, L. E. Card, and T. S. Hamilton, Illinois Agricultural Experiment Station Bulletin)78, 
June, 1926. 
•Data compiled by A. G. Philips, Purdue Agricultural Experiment Station Bulletin 214. The averaged:weight 
of both sexes was taken up to lOth week. 
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TABLE 6.-GROWTH DATA. ON RHoDE IsLAND REDS 
C<><:kerels Capons 
Source of Data Kaupp' Jull• Jull' 
-
Age in Wke. Water lot Water and milk Water lot Water and milk 
gmJ. gnu. gmJ. gnu. gmJ. 
0 
-- ..... 40 40 H 41 
1 so 64 63 63 66 
2 82 86 99 83 98 
3 140 110 163 107 162 
4 2~ 132 218 132 220 
5 272 174 318 174 313 
6 358 246 450 243 442 
7 449 317 542 3~ 530 
8 557 423 666 401 657 
9 680 521 815 499 809 
10 752 560 973 580 981 
11 955 713 1155 696 1128 
12 1~5 880 1321 813 1278 
13 1175 1053 1474 979 1456 
14 1410 1235 1629 1104 1607 
IS 1527 
---- ---- ---- ----16 1630 ......... 
---- ---- --- -
17 1827 
---- ---- ---- ----
18 1935 1764 2089 1678 2199 
19 2020 
---- ---- ---- ----20 2145 
-- --
----
---- ----
21 2270 
---- ---- ---- ----22 2360 2274 2473 2313 2596 
23 2450 
---- ---- ---- ----2-l 2490 ........ 
---- ---- ----
25 2540 
---- ---- ---- ----
26 2540 2107 2800 2660 2828 
30 
----
3051 3081 2946 3119 
34 ......... 3323 3437 3457 3556 
1Compiled by B. F. Kaupp, North Carolina Agricultural Experiment Station in Po,./try Scitnce, Vol. 1, No. 2, 
p. 4L 
1Unpubliohed data by M . A. Jull from the U. S. Department of Agriculture. 
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TABLE 7.-GaowTH DATA FOR RHODE IsLAND RED FEMALES 
Source of Data Card and Kirkpatrick• Jull• Kaupp' 
Age in Wks. Weight Water lot Water and milk Weight 
&mJ. gnu. gmt. gms . 
0 H 40 40 
--
l 52 62 63 41 
2 74 81 94 77 
3 120 104 149 117 
• 165 122 194 181 s 244 158 282 245 
6 334 212 397 320 
., 439 270 471 390 
8 555 352 695 490 
9 691 438 695 590 
10 818 506 818 707 
11 912 595 942 795 
12 1040 725 1049 880 
13 1084 845 1135 1011 
14 1160 967 1262 1200 
IS 1250 
--- ----
1275 
16 1315 
---- ----
1415 
17 1421 
----
... ..... - 1550 
18 1480 1376 1645 1645 
19 1558 
---- ----
1718 
20 1670 
---- ----
1805 
21 1745 
---- ----
1845 
22 1812 1692 1919 1905 
23" 1885 
---- -- -
1970 
24 1945 
---- ----
2017 
25 
---- ---- ----
2040 
26 
----
2010 2137 2220 
JO 
--- -
..... ..... -.. ..... 
----
34 
---- ---- ---- ----
'Compiled from L. E. Card and W. F. Kirkpatrick, Storra Agricultural Experiment Station Bulletin 96. 
'Unpubliohed data by M.A. Jull from the U. S. Department of Agriculture. 
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•Compiled from B. F. Kaupp, North Carolina Agricultural Experiment Station, Poultry Science, Vol. I, No. 2 
page 39. 
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TABLE 8.-GROWTH DATA FOR LEGHORNS 
Females Male a 
Card and 
Source of Data Mitchell' et al Buckner' et al Kirkpatrick' Mitchell' et al Buckner' et al 
Age in Wko. gms. gms. gmJ·. gms. gms. 
0 35 42 37 35 42 
1 
----
76 53 
-- --
77 
2 90 105 83 93 . 108 
3 
----
148 119 
----
. 151 
4 177 204 173 188 209 
5 
----
273 229 
----
. 284 
6 302 351 315 334 374 
7 
----
412 .. 410 
--- -
: 438 
8 443 536 495 504 581 
9 
----
584 556 
----
: 617 
10 ·: 606 ,, 689: .. . . 640 717 , .. 729 :i 709 11 I .......... 707' ' ---- . . 758 
12 740 851 819 882 .927 
13 , ··. 
----
910 872 
----
. :993 
14 845 960 931 ··: . 1052 1050 
15 . 
----
1002 999 .. 
----
U06 
16 988 1053 1070 • 1239 1167 
17 
----
1111 1129 
----
!237 
18 1112 1160 1191 1378 1283 
19 .......... 1181 1231 ---- '1;323 
20 1218 1238 1320 1481 J:365 
21 
----
1283 1380 
----
1U7 
22 1327 1346 1411 1628 1459 
23 . 
----
1371 1460 
----
1493 
24+ 1380 1458 1490 ·1716 IS86 
25 
----
1464 
---- ----
-1590 
26 
----
1509 
---- ----
1649 
27 
----
1539 1708 
----
1673 
28 1693 1598 
----
1883 ·.1:748 
32 
---- ----
---- ----
·.:. ........ 
36 1694 
---- ----
2334 
----
40 1727 
---- ----
2309 .. 
----
.. 
iUnpublished data by H. H. Mitchell, L. E. Card, and T. S. Hamilton, Illinois Agr. Exp .. Station:·. 
•Compiled from data by G. Davis Buckner, R. H. Wilkins, and Joseph H. Castle, Kentucky' Agr .. Exp. 
Station, .dmrrican journal of Physiology, Vol. XLVII, No.3, Dec. 1918, p. 393. 
•Compiled from L. E. Card and W. F. Kirkpatrick, Starn Agr. Exp. Sta. Bul. 96. Cockerel• removed at 
the end of eight weeks. 
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TABLE 9.-GROWTH DATA FOR MiscELLANEOus BREEDS (By H. G. May and N. F. Waters R. I. Agr. Exp. Station) 
Females Males 
Hamburg' Cornish' Brahmaa2 Leghorns' Hamburg' Cornish! Brahmao' 
gms. gms. gm..r. gms. gms. gms. gnu. 
31 33 47 36 31 34 42 
92 98 379 159 92 107 194 
235 267 459 389 264 314 565 
384 491 845 654 457 628 1016 
538 720 1434 960 680 964 1663 
688 1013 1748 1182 880 1396 2132 
812 1210 2031 1364 1015 1689 2516 
925 1400 2312 1494 1155 1883 2884 
1025 1550 2587 1572 1325 2130 3288 
1102 1720 2819 1589 1420 2305 3486 
1160 1855 2993 1601 1480 2390 3934 
1185 1820 3030 1628 1480 2431 3728 
1190 1805 2961 1577 1495 2478 3509 
1160 1820 2877 1563 1475 2500 3550 
1150 1815 2792 1553 1505 2529 3550 
1115 1840 2651 1541 1490 2628 3564 
1160 1865 2013 1535 1470 2643 3559 
1205 2035 2477 1580 1460 3647 3577 
1270 1940 2887 1624 1555 2750 3931 
1325 
----
3063 1694 1650 
----
4205 
1417 
----
3193 1784 
---- ----
4516 
1607 2360 3500 1846 1745 3178 4321 
1590 2445 3720 1864 1640 2888 4464 
1695 
----
3763 1827 2100 2300 4388 
1428 
----
3621 1801 
---- ----
4256 
---- ----
3361 1703 
----
----
4085 
---- ----
3350 1722 
---- ----
4077 
---- ----
2868 1708 
---- ----
4118 
---- ----
2882 1714 
---- ----
4046 
----
........... 2942 1745 
---- ----
3966 
---- ----
3103 1830 
---- ---- ----
---- ----
3403 1873 
---- ---- ----
---- ----
3525 1956 
---- ----
----
---- ----
3628 1942 
---- ---- ----
---- ----
4114 1987 
---- ---- ----
---- ----
4228 2076 
---- ---- ----
---- ----
4319 2125 
---- ----
... ....... 
---- ----
4453 2136 
---- ---- --- -
----
......... 4094 2118 
---- ---- ----
---- ----
3875 2143 
----
---- ----
---- ----
3750 2138 
---- ---- ----
---- ----
3528 
---- ---- ---- ----
.......... 
----
"3800 
---- -- ---- ----
---- ----
4113 
---- ----
......... 
----
---- ----
3950 
---- ---- ----
----
•;From R. I Exp. Station Bul. 200, pages 13 & 14. 
· 
2Unpubliohed data by H. G. May and N. F. 'Waters, Rhoae loland Agr. Exp. Station. 
117 
Leghorns' 
gms. 
38 
176 
435 
802 
1198 
1486 
1728 
1861 
1955 
1979 
2017 
2053 
1967 
2033 
2003 
2051 
2065 
2257 
2302 
234.1 
2318 
2395 
2341 
2315 
2240 
2219 
2106 
2145 
2150 
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
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TABLE 10.-SuMMARY OF DATA ON VARious BREEDS OF PouLTRY 
Wt. at 12 Wks. Wt. at U Wka. 
Source of Data Breed ~1 Pullets ---~~ Ckls. Pullets Capons 
~ ~ ~ gm. gm. 
H. L. Kempster, Mo. Agr. Exp. Sta-
tion. ____ - _--- --------.------ Barred Rocks 956 702 2553 1785 
-- --
Buff Rocks 935 823 2627 1859 
----
Rhode Island Whices 952 764 2486 1743 
----
White Rocks 750 619 2540 1929 
----
- ---------
H . H. Mitchell, L. E. Card, T. s. 
Hamilton, Ill. Agr. Exp. Station ••••• White Rocks 716 602 1636 1403 1849 
---------
A. G. Philips, Purdue Agr. Exp. Sta-
tion .. __ .. _ .... - --- .. -------------- .. -- White Rocks 1295 1030 2900 2270 2870 
------1-
B. F. Kaupp, N . C. Agr. Exp. Station. Rhode Island Reds 1045 880 2490 2017 
--- -
---------
M.A. Jull, U.S. Dept. of Agr .•••.• Rhode Island Reds 880 725 
---- ---- ----
Rhode Island Reds 1321 1049 
---- ---- ----
H. H. Mitchell, L. E. Card, T. s. 
Hamilton, Ill. Agr. Exp. Station. __ .• Leghorns 882 740 1716 1380 
-- --
G. Davis Buckner, R. H. Wilkins, and 
Joseph H. Castle, Kentucky A gr. 
Exp. Station •. __ --- ••• _ ••• - •• __ ••• Leghorns 927 851 1586 1458 
-- --
---------
L. E. Card, W. F. Kirkpatrick, Storrs 
A gr. Exp. Station _____ ••••• - .••.••• Leghorns 
-- --
819 
----
1490 
--·-
------
H. G. May and N. F. Waters, R. I. 
Agr. Exp. Station- --- - --······-·-·· Leghorns 802 654 1728 1364 
----
Hamburgs 457 384 1015 812 
-- --
Cornish 628 491 1689 1210 
-- --
Brahm as 1016 845 2516 2031 
--- -
---
L. E. Card, W. F. Kirkpatrick, 
Storrs A gr. Exp. Station __ ••••••••••. __ ..... _ • .•. __ •• __ • 
----
1040 
----
1945 
-- --
BASAL HEAT PRODUCTION OF CHICKENS OF DIFFERENT AGES 
H. H. MITCHELL, L. E. CARD AND w. T. HAINES 
In unpublished investigations at the Illinois Agricultural Experiment 
Station, the basal heat production of chickens of different ages was studied, 
using the Haldane gravimetric method of measuring the respiratory exchange. 1 
The data contained in Tables 1 and 2 were obtained on young fasted chicks at 
complete rest and temperatures ranging from 80° to 98° F. They point to a 
rising basal heat production per square meter of body surface from hatching 
to 20 days of age, and a sustained high metabolism up to at least 30 days of 
age. 
>Haldane, J., J. Physiol., 1892, xiii, 419. 
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In a third series of investigations, involving 22 hour periods of observa-
tion during which the muscular activity of the birds was minimized though 
not entirely abolished, the average values summarized in Table 3 were ob-
tained. Each average represents from 4 to 7 individual data obtained upon 
birds differing but slightly in age. The high average obtained for the birds 
close to 37 days of age is notable, as well as the relatively constant basal 
metabolism per unit of surface for the later ages within the different groups. 
That the intense metabolism of chicks 30 to 40 days of age rapidly decreases 
to the adult level was indicated by results obtained upon six Rhode Island 
Red chicks averaging 55 days of age and 239grams bodyweight(surface area 
343 sq. em.). The average daily heat production of these birds was 33.2 cals., 
TABLE I.-THE BAsAL HEAT PRODUCTION OF YouNG WHITE PLYMOUTH RocK. CHICKS 
Heat production per day 
Per square 
Chicle Age Body Body sur- o, consumed meter body 
No. days wt. gms. face sq. em. daily cc. R.Q. Total cala. surface cals. 
1 1 36 91 1008 0.82 4.87 535 
2 2 31 78 871 0.86 4.24 544 
3 3 33 83 959 0 . 78 4 .57 551 
4 5 31 79 1270 0. 73 5.97 756 
5 6 31 79 934 0 .86 4.56 577 
6 6 31 79 1061 0.90 5.22 611 
7 13 25 64 899 0.78 4.28 669 
8 lS 32 80 1323 0.83 6.39 799 
9 16 31 78 1354 0.80 6.49 832 
10 17 30 77 1343 0.75 6.35 825 
TABLE 2.-THE BASAL HEAT PRODUCTION OF YouNG SINGLE CoMB WHITE LEGHORN CHICKS 
Heat production per day 
Body sur- Per square 
Chicle · Age Body face o. consumed Total meter body 
No. Sex days wt. gms. aq. em. daily liters R. Q. cal a. surface cals. 
1 m 7 40 102 1.46 0 .73 6 . 9 675 
2 m 8 43 107 1.85 0.70 8 . 7 807 
3 m 9 39 99 1. 23 0.76 5.9 591 
4 f 12 50 117 1. 96 0 .75 9.3 790 
s m 13 58 130 2.19 0 . 74 10.4 796 
6 m 14 61 134 1.46 0 .81 7 . 0 521 
7 m 16 62 137 1. 85 0. 73 8.7 637 
8 - 19 86 167 3.92 0 . 75 14 .6 861 
9 
-
20 77 156 3.64 0 . 70 17 . 1 1087 
10 - 21 83 164 4.07 0 . 71 19.1 1162 
11 m 22 72 150 3.19 0.71 15.0 997 
12 
-
23 94 179 4.03 0. 71 18.9 1052 
13 - 27 126 218 4.82 0 . 7J 22.7 1040 
14 m 29 147 242 7.34 0 . 72 34.5 1+23 
IS m 30 128 220 4 .70 0 . 73 22.2 1004 
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equivalent to 920 cals. per' square m.et~r· of surfa,-ce~~: The esseri tial similarity 
irnong the changes in the ini:ensi ty ofthe basal metabolism of the young chicks 
the young pig2, and the young child3·,is noteworthy. 
· : J ; 
•Wood, T. R, ]. Agr. Sci., 1926, xvi, 425. · · : .. . · 
•DuBois, E. F., Amer. ]. Med. Sci., 1916, eli, 781. Benedict, F. G., Boston Med. Surg. ]., 1919, clxxxi, 
107. BenediCt, F. G., and Talbot; F . B., Carnegie Inst. Wash. Pub!. No. 302, 1921. Talbot, F. B., Amer. ]. 
Dis. Children~ 1921~ xxi, 5.19. · 
TABLE '3 • ...;;.,THE Av'ER.AGE BASAL HEAT PRODUCTION OF GROUPS OF WHITE. PLYMOUTH RocK. 
. . . BIRDS OF DIFFERENT AGE . 
< . . '· 
Heat production 
Per kgm. Per sq. m. 
No. of Weight Surface Total body wt. surface 
Sex .. .. /l.ge birds gms . sq. em. cals. ca!s . cals. 
.. 
···· ·•· 
3i i83 
..•.. ~ 
: 4 326 47 166 1441 
~ -~ . 76 6 683 783 65 96 819 
Cockerels 122 5 1324 1241 108 81 864 
184 5 1928 1606 138 71 859 
242 6 2705 1979 171 63 864 
340 6 2728 1980 169 62 856 
94 7 735 824 65 88 788 
. . 128 6 1042 1030 79 75 760 
Pullets· 192 6 . .. 1450 1290 113 77 861 
25 1 5 1955 1536 120 63 785 
' 355 6 2184 1640 129 60 796 
' 
102 4 935 971 79 85 815 
135 6 1341 . 1238 100 74 800 
Capons 199 4 1763 1512 114 66 748 
26:r 6 2266 '1761 ... . 133 . 59 723 
366 5 3185 2067 169 49 775 
GROWTH OF THE AMERICAN OSTRICH 
·. ·J~ozanov has recently (1926) published data on growth in weight of eight 
South American ostriches (Rhea americana). Since these data are not easily 
available to Ameri~an readers (the observations were made in Mocow and 
published in Russian), and since Rozanov considers these birds to ~have 
agricultural value as egg and meat prod~cers in the temperate zone,it seems 
desirable to cite this work and to quote one of his charts (Fig. 1) . 
. The following other facts relating to Rhea americana may be ofinterest:-
The average weight of a fresh egg is 707 grams; the average weight of the egg 
sheli is 74 grams; the· period of incubation at 38.5° C is 29 days; the hatching 
weight of this bird is 431 grams; loss in weight of a fertile egg during the period 
of irtcubation .is 202 grams; the loss in weight under the same conditions and 
fo{ the same period ofan infertile egg is ~ 04 grams. 
<-s .. B. 
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GROWTH OF TURKEYS 
50 
121 
60 
A large amount of data on growth in weight of turkeys have been ac-
cumulated in this University in the last 3-4 years. Unfortunately Dr. W. 
R. B. Robertson, who has been in charge of this work, has not been able to 
summarize these data in time for inclusion in this bulletin.-S. B. 
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The Growth of Sheep 
M. T. FosTER 
The data represented by the curves in the following chart were secured 
chiefly from the flock records of the department of animal husbandry at the 
Missouri Agricultural Experiment Station. These animals with the exception 
of the Southdown wethers were raised for breeding purposes, hence, they 
were not fed heavily or permitted to become excessively fat. The Southdowns 
were castrated before they were one month old. They were fitted for show and 
perhaps fed more liberally than the Hampshires and Shropshires. The weights 
of these sheep were not affected by pregnancy, the last weights were taken 
during the breeding season. 
All the available data are included, and comprise the records of 42 Hamp-
shire ewes for the first four months and 31 thereafter; 33 Shropshire ewes for 
the first four months and 30 thereafter; 18 Hampshire rams; 17 Shropshire 
rams and 14 Southdown wethers. In order to present data on as many sheep as 
possible, the records of several animals were included for the first four months 
that could not be continued thereafter 'on account of losses resulting from 
different causes. 
These sheep were allowed a little grain while they were suckling their 
dams and running on bluegrass pasture. During the winter they were fed a 
TABLE 1.-DATA ON GROWTH OF SHEEP 
Shrop- Hamp- Shrop- Hamp- South- Shropshire-
Age shire shire Age shire shire Age down Suffolk Merino 
Ewes Ewes Rams Rams Wethers Ewes Ewes 
--------
------------------------
Weeks No. Wt. No. Wt. Wks. No. Wt. No. Wt. Wks. No. Wt. No. Wt. No. Wt. 
------
------------------
--
------
lbt. lbt. lbt. lbt. lbt. lbt . lbt. 
Birth 33 9.0 42 9.6 Birth 17 9.7 18 10 . 8 0 14 7.6 29 16 30 
. ----
2 33 IS 42 16 4.3 17 22 18 28 4 14 23 29 34 30 23 
4 33 22 42 24 8.6 17 36 18 46 8 14 40 29 55 30 38 
6 33 30 42 31 12.9 17 so 18 65 12 14 53 29 74 30 so 
8 33 37 42 39 17 17 60 18 78 16 14 65 29 91 30 60 
10 33 44 42 48 21 17 69 18 87 20 14 70 29 !OS 30 67 
12 33 so 42 51 26 17 73 18 91 24 14 73 29 116 30 75 
14 33 56 42 62 30 17 79 18 100 28 14 75 29 125 30 81 
16 33 61 42 67 34 17 86 18 102 32 14 79 29 135 30 85 
20 30 67 31 79 39 17 92 18 Ill 36 14 85 29 142 30 88 
25 30 72 31 83 43 17 lOS 18 115 40 14 90 29 146 30 93 
29 30 75 31 87 47 17 110 18 127 44 14 96 29 154 30 98 
33 30 82 31 90 51 17 115 18 131 48 a IO!l 29 154 30 103 
37 30 86 31 96 56 17 122 18 136 52 14 109 29 158 30 107 
42 30 89 31 99 60 17 128 18 143 56 14 114 29 161 30 107 
46 30 94 31 103 64 17 136 18 151 60 14 119 
----- ----- ----- -----
so 30 100 31 108 69 17 143 18 161 64 14 123 
----- ----- ----- -----
55 30 105 31 114 73 17 148 18 
-----
68 14 127 
----- ----- ----- -----
59 30 106 31 120 
-----
.......... ... 
----- --- ...... -----
72 14 130 
----- -----
..... ... ...... 
--- --
63 30 110 31 124 
-----
............. ............... 
----- -----
76 14 134 
----- ----- ----- -----
67 30 115 31 128 
----- ----- -----
.............. 
-----
80 14 138 
----- --- -- ----- -----
72 30 118 31 132 
----- -----
.............. 
----- -----
84 14 142 
----- ----- ----- ... ----
76 30 119 31 135 ~- --- - ~ --- ----- ----- ----- -- --- ----- ----- . ---- ----- ----- ----. 
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ration of corn silage, alfalfa hay and a small allowance of grain. The second 
summer they were grazed on bluegrass pasture without grain. These animals 
were handled in a manner which was thought would produce desirable breeding 
animals. 
The data for the Suffolk and Shropshire~Merino sheep were collected and 
reported by Murray*. The birth weights of these sheep are not available. 
*The Journal of Agricultural Science, Vol. 11, P. 258 (1921 Normal Growth in Animals. J. Alan Murray. 
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Fig. I.-Growth curves of sheep in Missouri Agricultural Experiment Station flock. 
124 MissouRI AGR. ExP. STA. RESEARCH BuLLETIN 96 
Growth of Swine 
FRED F. McKENZIE 
The data in Tables 1 to 5 inclusive, and the graphs drawn from these, 
are from the records of experimental animals originally on the Adams breeding 
experiment and now on the fecundity of swine project at the Missouri Station. 
The investigations here concerned were outlined by F. B. Mumford and have 
been carried on under his general direction. All the animals used received good 
rations, (corn, tankage, wheat middlings, wheat bran, bluegrass pasture or 
alfalfa hay), and the management may be considered as in accord with good 
swine husbandry. Most all the sows were bred first when six to nine months 
old and were bred for two litters a year whenever possible. 
For Tables 1, 2, and 3 no selection of animals was made, data from all 
being included.* All animals used in these three tables were fed generously. 
The measurements reported in Table 2 and the accompanying graphs 
were made with calipers and tape measure. The length of body is taken from 
the point where the neck blends into the shoulder back to the root of the tail. 
All animals were measured while standing with nose to the floor. 
Table 4 presents data from seven sows and their litters. All sows received 
similar rations, but four of them received much less feed than the other three. 
The average amount of feed consumed per day for the suckling period is given. 
Of course, in the case of the generously fed sows much the major part of the 
feed was taken in the latter part of the period. The sows receiving rations 
restricted in amount during the lactation period were also on a limited grain 
ration during the gestation period immediately preceding. The ptgs were free 
from worms and disease, or practically so. The number of pigs in each litter 
is given, and this number did not vary throughout the period covered. 
In Table 5 (a, b) is given the feed record for two sows on bluegrass pasture 
during the lactation period; also the feed and weight records of their respective 
litters are tabulated. The sows were the same age; in each case the litter is the 
second for the sow; the litters were farrowed only two days apart; and the 
animals were run in adjacent and similar lots. The pigs were hand full fed 
twice daily from weaning till shipped to market. Instead of plotting on the 
graph the average actual amount of feed consumed, a seven-day moving 
average is used. 
Table 5, (c), gives the data from which has been drawn the curve on page 
25 of the Farmers' Bulletin No. 1437,of the United States Department of 
Agriculture, entitled, "Swine Production". This curve is drawn in the ac-
companying graph for comparison with the Missouri data. In regard to the 
*From letter of November 17, 1926 to the writer from E. W. Sheets, Chief, Animal Husbandry Division, 
Bureau of Animal Industry, United States Department of Agriculture. 
GROWTH AND DEVELOPMENT I 125 
U.S. D. A. data here presented it may be said that, "the number of animals 
concerned is· not constant throughout the 40-week period. Many more pigs 
enter into the averages for the younger than for the older animals. The figures 
for the first 10 weeks are the most reliable since the numbers are large and the 
relative amount of variation in feed is small, but after this age the animals 
are more or less subject to variations in diet due to experimental work and the 
gains made as shown by our figures probably would diverge somewhat from 
average gains made by the same number of pigs all of which had the same diet 
and which were not kept under experimental conditions.-The average num-
ber is near 1000."* 
Table 6 consists of data from the Poland-China herd of the Missouri 
Agricultural Experiment Station, in charge of L. A. Weaver. Those sows were 
selected for eac~of which there were weight records from the date (December) 
when they were bred as eight- to ten-month-old gilts till they weaned their 
second litters the spring they were two years old. All the hogs were fed so 
that they were kept in good growing and breeding condition. An effort was 
made to keep all five of the lots at a uniform weight. In other words, the 
condition of the sows fixed the standard of feeding and thus determined the 
amount of each _ration fed. The rations consisted of corn and tankage or corn 
TABLE I.-GROWTH IN WEIGHT OF DuROC-]ERSEY Sows 
Weight Av. of the 
Age Weight same 10 sows 
(mos.) No. sows (lbs.) (lbs.) 
Birth . 862 2 . 1 2.1 
1 
-- ---- -----
2 17 35 .5 
-----
3 29 49.6 
. 4 31 60.5 
-----
5 38 85.8 102.5 
. 6 41 117.4 127.6 
7 41 142.3 158.8 
... 8 42 172.2 188.5 
9 40 227.6 214.7 
1.0 39 221.7 
-----
11 40 232 .5 236.5 
12 .39 234.3 230.2 
13 40 236.6 236 .9 
14 36 264.0 
-----
15 40 272.0 275.4 
16 . . 35 288.0 
-----
17 37 295.4 
18 
.. 
36 299.0 307.5 
19 . 35 297 .0 302 . 3 
20 34 304.0 311. 
21 32 321.0 
-----
22 32 331.0 342 .2 
23 32 335.0 352.3 
*Repre&enting the Miosou ri Agricultural Experiment Station and the Bureau of Animal Industry, U. S. 
Department of Agriculture. 
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TABLE 1 (CoNTINUED).-GROWTH IN WEIGHT or DuRoC-}ERSEY Sows 
24 31 340.0 357.8 
25 32 331.2 352.7 
26 30 341.2 353.5 
27 31 351.7 362.5 
28 30 357 . 2 372.3 
29 29 362.1 386.3 
30 27 376 . 1 397 .9 
31 25 376 .7 
-----
32 23 391.3 
-----
33 20 402.9 
-----
34 22 376 . 9 385.2 
35 19 387.3 
-----36 21 378.2 409.6 
37 20 387.3 
-----38 20 393 . I 
----39 19 -!00 . 396 .5 
40 20 397.5 406.2 
41 20 395 . 3 409.7 
42 20 402.8 419.4 
43 19 413 .I 416.2 
44 19 409 .5 410 .9 
45 19 
-!13 . 9 414 .4 
46 18 416 . 2 421.1 
47 17 414.2 427 . 3 
48 14 430 .4 
--- --49 16 417 . 8 445.8 
50 16 428.6 441. 
51 16 422 .0 438.4 
52 16 428 . 2 444.9 
53 15 439 . 7 453.3 
54 14 439.0 461.2 
55 15 430 .0 453.8 
56 15 438.5 451.9 
57 IS 436 .1 443.7 
58 13 425.8 459.4 
59 13 442 . 1 433.6 
60 13 457.4 476.0 
61 13 466.6 484.5 
62 13 458 .3 483.8 
63 12 454 . 5 469.7 
64 II 474 . 7 472.0 
65 11 482.6 475.5 
66 10 479.3 479.3 
67 10 485 .0 487.0 
68 10 479 .4 479 .0 
69 10 462.5 -l63 .8 
70 9 448.4 
----71 9 444 .6 
-----72 8 H4.3 
-----73 6 466.6 
-----74 5 502.0 
-----75 5 485.2 
-----76 3 478.6 
-----77 3 476.3 
-----78 3 474.6 
-----79 3 478.4 
-----
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and linseed oil meal. In some cases legume hay, shorts, and bran were used. 
All the rations proved satisfactory in respect to the farrowing records. 
There was an average of 7.32 pigs farrowed and 5.36 pigs weaned for the 
first litters, and an average of 8.04 pigs farrowed and 6.08 pigs weaned for the 
socond litters. These averages apply to the 25 sows used in the compilation 
ofTable6. 
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TABLE i:~DATA ON THE GROWTH OF 43 Sows FROM WmcH. THE CuRvEs ARE DRAwN 
No Animals Avg. Height Avg. Height Avg. Length Avg. depth Avg. heart 
Age ·represented at Withers at CrC.up _ of body: of chest. . 'girth 
.. 
.. 
.- ·· .. 
mos. ems. ems. ems. ems. cmi. 
5 ·7. .• 43.8 50 67 .2 27~3 '. 7/.5 
6 15 48. 7 55 74.5 28.7 90.7 .. 
7 26 49 .7 57.7 78. 30.2 94.9 . 
8 28 52.9 60.3 83 .6 32.5 101.7 
9 31 52 .6 62. 90.8 34.1 107.4 
10 23 56 . 63.6 91. 34.8 111.4 
11 29 57 . 1 65.1 92.5 36.7 114.5 
12 31 58.2 66.6 94.2 36.8 112 . 6 
13 15 57.5 66.4 93.3 36.9 111. 
14 17 58.8 68.4 95.8 37.5 115.1 
15 13 61.1 69.8 100. 40. 121.4 
16 14 62 .4 70.9 99.7 36.8 119. 
17 8 61.1 69.2 97.8 39.6 118.2 
18 16 62.8 71.4 104. 41.6 125 . 8 
19 11 63.0 71.3 99.2 41.4 119.2 
20 12 62.8 70.6* 100 . 5 40.6 122 .2 
21 19 64.3 7l.St 106 .2 42.2t 127.3 
22 14 63 .5 72.4 103.2 41.9 125.9 
23 10 64 . 3 73,9 106.3 41.7 152. 
24 16 65.7 73.5 109 . 42.3 129.5 
25 7 63 .7 70.1 106.4 40.1 123 . 
26 9 64.2 74.7 107.7 42.6l: 124. 
27 IS 66 . 8 74.9 109.6 43.8 131.3 
28 s 64.4 72.6 109. 43.4 133.8 
29 8 66.7 74.8 107 . 1 44.2§ 129.3 
30 10 64.1 71.7 110.8 43.5§ 129.1§ 
31 8 67.7 75.1 112.3 49.2 133 . 5 
32 6 66.8 75.1 111. 45.1 134.5 
33 13 65.4 74.3 107.2 44.0 126 . 6 
34 7 68.4 75.5 113.1 45.8 142.1 
35 2 61.5 73. 111. 45. 129.5 
36 6 66 .1 75.5 109.6 42.5 128. ~ -
37 7 68.7 75.5 111. 45.4 ·- -131.2 
38 9 67.3 74.3 111. 45. 134. 
39 5 64.6 73.8 112.2 : 41.8 127. 
40 7 66.7 72.5 112.7 48. 141. 
41 9 63 . 8 74.1 113.4 43.3 131.4 
42 7 66.4 74.7 111 . 1 43. 134. 
43 6 71.6 78. 117 . 47.6 144.1 
44 7 74. 73.2 111.1 45.5 126. 
45 4 63.5 72.5 106. 2 43. 115. 
46 7 71.4 78.7 116.1 48.7 145.1 
47 6 68.3 74.1 113 . 5 47.3 139.1 
48 5 65.8 71.8 107.2 43. 130. 6 
49 7 70.7 77.7 118.7 46.8 145.2 
50 7 67.4 74.5 110 . 44.1 127. 
No. Animals 
Age represented 
mos. 
51 3 
52 6 
53 9 
54 1 
55 4 
56 10 
57 1 
58 3 
59 10 
60 1 
61 1 
62 10 
63 2 
64 1 
65 3 
66 2 
67 2 
68 2 
69 4 
70 1 
71 3 
72 1 
73 2 
74 2 
75 1 
76 1 
77 1 
78 1 
79 1 
80 1 
81 1 
82 2 
83 1 
84 1 
85 2 
86 
--
87 
--
88 1 
89 
--
90 
--
91 1 
92 
--
93 
--94 1 
95 
--
96 
--
97 1 
98 
--
99 
--
100 1 
* 13 animals represented 
t 18 animals represented 
:j: 8 animals represented 
§ 9 animals represented. 
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TABLE 2 (CONTINUED) 
Aver. Height Aver. Height Aver. Length 
at Withers at Croup of body 
ems. ems. cm.r. 
71.3 75.6 115.6 
68.5 76.5 116.1 
66. 77.4 114.1 
68. 76. 102. 
68. 78. 119.5 
68. 75 . 7 114.4 
65. 75. 112. 
70. 76. 121.3 
68.3 75.7 114.7 
76. 78. 119. 
77. 85. 132. 
70.1 76.2 115. 
73. 77. 116. 
76 82. 127. 
74.3 78.3 119.3 
73.5 78. 123.5 
70.5 77.5 117. 
78. 81.5 119.5 
72.5 76.5 118. 
72. 82 . 125 . 
73.3 77.6 117.3 
68. 73. 113. 
75.5 79.5 125. 
71. 78. 123. 
73. 77. 115. 
76. 79. 125. 
77 85. 141. 
73. 76. 115. 
76. 79. 124. 
70. 80. 141. 
----
---- ----
75.5 81. 121.5 
---- ---- ----
---- ---- ----
76.5 81. 124. 
---- ---- ----
---- ---- ----
74. 80. 124. 
---- ---- ----
---- ---- ----
72. 76. 123. 
---- ---- ----
---- ---- ----
70. 76 . 120. 
---- -- -- ----
---- ----
.... .. .. 
66. 69. 120 . 
---- ---- ----
---- ---- ----
68. 76. 120. 
129 
A.vg. depth Aver. heart 
of chest girth 
ems; ems. 
48.3 148.6 
45.1 137.1 
47.6 137.2 
47. 147. 
49.2 !H. 
43.6 134.8 
47. 151. 
55 . !55 . 3 
45. 135.3 
so. !58. 
------
172. 
46.1 135.9 
49.5 164.5 
54. 168. 
53. 156. 
53 .5 159 .5 
48 . 149.6 
57. 156.5 
50. !55 .5 
49. 132. 
50.3 139.3 
52. 161. 
49.5 144.5 
45.5 147.5 
42. 152. 
50. 152. 
51. 155. 
48. !52 
54. 152. 
so. 151. 
---- ----
54. 162. 
---- ----
---- ----
44.5 159.5 
---- ----
---- ----
52. 154. 
---- ----
......... 
----
49. 148. 
---- ----
---- -- --
45. 150. 
---- ----
---- ----45. 143. 
---- ----
---- ----
48. 148 . 
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Fig. 2.-l ncrease in weight of gestating Duroc sows. 
TABLE 3.-INCREASE IN WEIGHT OF THE GESTATING DUROC-]ERSEY 
Sow 
Period of Gestation Number of Avg. Weight 
(Weeks) Pregnancies (Pounds) 
0 181 323 . 5 
1 182 314.4 
2 186 316.8 
3 183 324.3 
4 184 327.6 
5 187 315.2 
6 183 340.4 
7 183 348.0 
8 180 355.4 
9 181 359.4 
10 181 365.9 
11 181 364.5 
12 181 372. 7 
13 183 373.9 
14 179 384. 7 
IS 179 389.7 
16 148 397.5 
17 35 403.8 
Just Farrowed 186 367.3 
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TABLE 4.-AVERAGE WEIGHTS BY LITTERS OF SucKLING Pms FROM}BIRTH TO EIGHT WEEKS 
Litter No. on Graph I II III IV v VI VII 
4th96L 5th94L 3rd90M 4th90M 2nd91H 4th91H 3rd91H 
No. of pigs in litter 9 10 9 9 8 4 
Avg. daily grain (lbs.) 
for sow for .eight weeks 4.89 4 . 36 4.97 5.36 10.00 10.63 10.97 
Age, days Wt.lbs. Wt.lbs. Wt.lbs. Wt.lbs. Wt.1ba. Wt. 1bs. Wt.lbs. 
Birth 2.525 2.08 2.50 3.33 2.17 2.59 3.00 
2 3.19 
7 3.67 6.37 
8 4 .05 3 .82 
9 6.29 
11 5.125 9.10 
15 5.25 7.835 8.00 
18 8.875 12 .625 
22 7.50 10.83 9.56 
23 7.19 
u 
--,- 10.10 11.50 
26 17.875 
29 9. 78 13 . 17 12.22 
30 8.25 
32 14.25 
33 22.75 
36 11.39 14.55 14 .56 
38 13.10 
43 16. 78 
----
44 10.31 
45 14 . 65 
46 20.5 
47 33 .so 
48 18.44 
so 16. 29 18 .00 
51 12.19 
52 16.85 
53 25.00 
54 20.11 37.50 
56 16.94 
57 23.33 
58 12.25 
60 19.05 27.25 
61 22.67 
Individ'ual Weaning 16.0 B 19.5 s 24.0 s 25.5 B 36 .0B 
----Weights- .13 .5 s 18.0 s 22.5 s 25.0 B 34.0B 43 B 
B=Boar pig l3.0B 18.0 s 22.0 s 25.05 27 .0 s 39 s 
S=Sow pig· 13.0 s 17.5 s 22.0 s 24.0 s 26.0 s 39 s 
12.5 B 17.5 s 21.0 s 22.5 B 24.0 s 29 B 
12.0 B 17.5 B 20.0 s 21.5 s 23 .0 s 
11.0 B 16.5 B 19.0 s 21.5 s 18.0 B 
7.0 B 14.0 B 19.0 s 21.0 B 12 .0 s 
14.0 B 13.0 B 18.0 B 10.0 s 
80. s 
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1bs. 
Fig. 4.-Growth of Duroc pigs. 
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TABLE Sa.-FACTOR. 150; FARROWED 2-1-26 
Aver. daily Feed to Aver. daily amt. of feed 
Age of Pigs the Sow (lbs.) to each pig (days) Ration A No. of Pigs (lbs.) 
0 (birth) 0. 8 
------------------------10 2.64 7 
------------------------17 7.6 6 
------------------------25 9.2 6 
--------------- ---------32 9.28 6 
------------------------46 10.4 6 
----- ... ------ ... -----------53 13.6 6 
--------- ...... ------------60 13.6 6 
------------------------68 
----
6 1.5 Ration A 
75 
----
6 1.63 Ration A 
82 
----
6 1.75 Ration A 
89 
----
6 1. 78 Ration A 
96 
----
6 2.43 Ration A 
109 
----
6 3 .19 Ration A 
116 ........... 6 3.68 Ration A 
123 
----
6 4.87 Ration A 
137 
----
6 4.7 Ration A 
143 
----
6 4.7 Ration A 
150 
----
6 6.37 Ration A 
157 
----
6 8. Ration A-1 day 
6.03 Ration B-6 days 
164 
----
6 7.0 Ration B 
178 .......... 6 7. 98 Ration B 
192 ......... 6 7.92 Ration B 
206 
----
6 10. 2 Ration B 
220 
----
6 12.5 Ration B 
227 Shipped 6" 12.5 Ration B 
•Pigs began to eat regularly with oow when 41 days old. 
•Weaned at 6.0 days 
•Dipped at 73 days and wormed at 75 days 
•Vaccinated at 103 days 
•Photographed at !55 days. 
8Three barrows and three sows. 
Aver. body wt. of 
pigs 
(lbs.) 
2.8 
5.6 
8.1 
10.3 
H.O 
20.81 
24.5 
28.72 
31.8 
33.63 
36.2 
41.3 
48.7 
60.0• 
68.5 
74.7 
96.7 
100. 
111.4 
121.1• 
129.8 
155.7 
181.3 
212.2 
240.5 
253.7 
Note.-Ration A consists of 5 parts shelled corn, 2.5 parts (shorts) wheat middlings, 1.5 partl wheat bran, 1.0 part tankage (by weight). Ration B consists of 8 parts shelled corn, 2 parts (shortt) wheat middlings, 1 part 
tankage (by weight). 
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TABLE 5b.-4TH SuB-FAcTOR 96; FARROWED 2-3-26 
Aver. daily Feed to 
Age of Pigs the Sow (lbs.) 
(day a) Ration A No. of Piga 
0 (Birth) 0 . 11 
8 
15 
23 
30 
44 
51 
58 
66 
73 
80 
87 
94 
107 
ll4 
121 
135 
141 
148 
155 
162 
176 
190 
204 
218 
225 
234 
239 
1.94 
4.94 
5 . 0 
s.o 
5.07 
6.0 
6 .0 
----
----
----
----
----
----
----
.......... 
----
----
----
----
----
----
----
----
----
----
----
Shipped 
I Dipped Piga at 47 daya 
•W eaned at 59 daya 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7' 
•Dipped at 71 days and wormed at 73 day a 
•Rung--In cattle pastures 7 daya 
•Photographed at 153 days 
8Boar Piga Castrated at 162 days 
'Five barrows and two aowa. 
Aver. daily amt. of feed 
to each pig 
(lba.) 
------------------------
------------------------
--------------------- ---
------------------------
------------------------
------------------------
------------------------
--------- ---------------
0.56 lb. Ration A 
0.59 lb. Ration A 
0.56 lb. Ration A 
0.62 lb. Ration A 
0.72lb. Ration A 
1.01 lb. Ration A 
2.8 lb. Ration A 
3.2 lb. Ration A 
4.0 lb. Ration A 
4.0 lb. Ration A 
4.67 lb. Ration A 
5.7 Ration A-1 day 
4 .85 Ration .B-6 days 
5.5 Ration B 
5. OS Ration B 
6.26 Ration B 
6.99 Ration B 
8.45 Ration B 
8.47 Ration B 
9 .0 Ration B 
10.0 Ration B 
135 
Aver. body wt. of 
pigs 
(lbs.) 
2.28 
4 .05 
5.25 
7.19 
8.25 
10.4 
12.21 
12.25• 
14.4 
15.0• 
19.6• 
23 .1 
27.4 
36.0 
43.0 
48.6 
66.7 
73.7 
82.3 
92.0• 
100 . 0S 
121.6 
143.4 
174.2 
205.4 
216.1 
229.1 
246.0 
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TABLE Sc.-DATA UsED IN FITTING GROWTH CuRVE FOR PuREBRED SwiNE SHOWN IN FIGURE 16 
OF FARMERs' BuLLETIN No. 1437. * · 
Age of Pig 
in weeks 
Observed Average 
(Wr. Jbs.) 
(Birth)----------------- 2.6 !___________________ 5. 7 
2------------------- 8.5 3_ __________________ 11.1 
4----------- -------- 13.7 
5-- ----------------- 16.4 
6------------------- 19.9 7 ___________________ 23.6 
8------------------- 27.7 
9-------------- -- --- 31.2 
10------------------- 36.2 
11----------- -------- 36.9 
12------------------- 42.9 
13------------------- 45.9 
14------------ ----- -" 51.1 
15------------------- 50.8 16 ___________________ 58.1 . 
17 ___________________ 60 .7 
18. __________________ 70.9 
19 ___________________ 73.3 
2() _______ ____________ 83.1 
*The fitted average is not included here. 
Age of Pig 
in weeks 
Observed Average 
(Wt. lbs.) 
2L __________________ 86.1 
22 ___________________ 97.6 
23 _____ -- ---------- .• 101.2 
24.---------------- .• 106 . 5 
25 ... - - ----------- ... 109.6 26 ________________ _ 121.8 
27------ -- ----- ---- .. 126 .5 
28 ... ------ - ---- __ ___ 133 . 0 
29 ______ - --------- ••. 143 .3 
30 ______ - - - ------- .•. 150.5 
3L .• ---------- .. __ .• 156. 7 
32--------------- ____ 169. 7 
33 •.. ---------- - _____ 177 .4 
34.------ -- - - -- --- -- .186. 6 
35 .•. -- ---- - ------ ..• 196 . 3 
36 •.• --- ----------- .• 203.4 
3 7-------- - ----------203 . 9 
38 ____ _ -- - - - - -- - - ____ 209 . 9 
39 •.. ----------------217.7 
40 .... ----- ------ - - .• 226.8 
GROWTH AND DEVELOPMENT I 
Lbs 
..,.,, 
~ 
340 I 3:30 ~ 
320 
310 J /_ 
300 
290 II 1;· 
200 J1 J I A>$ 2.,.., •)4 
... 
'I lei IV,' I 260 
f ~ r 250 1/ ~ I 240 .... 
...... \ ~ 2'>• ~ -~ ~~/ '§ \ v 
""' ·~ ~ ~ ~ 21 (1) 
?f)() If 1 I Pol !md ·Chi ~! iQS, Mis pOU 
w~eks40 50 60 (() 00 100 
Age 
Fig. 5.-Missouri data on growth= of pigs. 
~ 
_\ 
' 
}{Qs. 
60 1 
55 i 
i 50 
45 
1 
~ -o 1 g 
40 
135 
30 
25 
ida 
~ 1 ~ 
~ 1 20 
tf. 
U5 
1 
j 
1 
10 
05 
00 
110 
137 
138 MISSOURI AGR. ExP. STA. RESEARCH BuLLETIN 96 
TABLE 6.-AVEMGE OF 25 PoLAND-CHINA Sows FROM DATE OF FIRST BREEDING (41 WEEKS 
OLD) TO THE WEANING OF THE SECOND LITTEll (112 WEEKS OLD) 
(Missouri data) 
Age 
(week a) 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64. 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
Weight 
(!be.) 
206 
214 
220 
228 
235 
241 
245 
249 
255 
263 
269 
274 
278 
282 
286 
292 
297 
263 
257 
246 
239 
232 
227 
222 
219 
218 
223 
226 
229 
233 
239 
243 
248 
255 
255 
261 
Age 
(weeks) 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
Weight 
(!be.) 
261 
262 
267 
266 
269 
264 
274 
275 
270 
271 
274. 
273 
278 
278 
278 
281 
280 
282 
286 
296 
298 
304 
312 
320 
327 
335 
342 
350 
319 
313 
305 
297 
286 
277 
269 
263 
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Laboratory Animals 
SAMUEL BRODY 
As an agricultural institution, this Station is primarily interested in the 
growth offarm animals. We are, however, aware of the fact that farm animals 
are not necessarily the best subjects for the investigation of the process of 
growth in farm animaJs. The process of growth is essentially the same in all 
animals and the small laboratory animals are far cheaper and more convenient 
for investigational purposes than large farm animals. Besides, there is a great 
literature on the growth of small animals from which much can be learned or 
at least suggestions obtained. For these reasons it does not seem entirely 
inappropriate to present in this compilation a brief section on the growth of 
laboratory animals. 
However, we shall avoid quoting data with a few exceptions. The purpose 
of this section is merely to indicate sources of data. A fairly complete list of 
references on the growth of small animals is given in the bibliography at the 
end of this bulletin. • 
GUINEA PIG 
The following data (Table 1) on the growth in weight of male guinea 
pigs were kindly contributed by Dr. Sewal Wright (formerly of the U. S. 
Department of Agriculture, now at the University of Chicago). 
Other data on postnatal growth in weight of the guinea pig, very impor-
tant historically, are given in the classic work of Minot (1891). The most 
interesting work on the growth of the guinea pig is undoubtedly that of Castle, 
described in his monograph on "Studies of Inheritance in Guinea Pigs and 
Rats'', Carnegie Institution of Washington, 1916, pp. 42-55. Unfortunately 
the data are presented in the form of curves only. Since for our purpose it was 
necessary to have the numerical data, we have interpolated numerical values 
from Castle's curves. The interpolated values are presented in the following 
table (Table 2). These data have been used in the sixth and seventh bulletins 
of this series (Research Bulletins 101 and 102). 
The following values (Table 3) on prenatal growth of the guinea pig 
have been averaged by the writer from the original data sheets kindly furnished 
by Dr. Herman L. Ibsen. The observations were made by Dr. Ibsen in the 
laboratory of Dr. L. J. Cole. 
Hensen's data for prenatal growth of guinea pigs are cited by Przibram, 
1913. 
Other data on prenatal growth of the guinea pig are given by Draper (1920). 
Data on increase in weight of gestating guinea pigs are given by Minot (1891, p. 141) and by J. M. Reed (1913). 
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PIGEON AND DOVE 
Dr. Oscar Riddle (of the Carnegie Institution) was kind enough to con-
tribute the following data (Table 4) on growth in body weight of the common 
pigeon and ring dove. 
Other data on the pigeon and dove are given by Riddle and Frey, (1924). 
These data are discussed in the sixth and seventh bulletins of this series 
(Research Bulletins 101 and 102 of this Station). (cf. Fig. 12 in Res. Bul. 101, 
and Figs. 9 and 24 in Res. Bul. 102.) 
RABBIT 
The following data (Table 5) are quoted from Castle, as indicated in the 
table. These data are discussed in the sixth (Res. Bul. 101, Figs. 7) and 
seventh (Res. Bul. 102, Figs. 19a and 19b) bulletins of this series. Minot (1908) 
gives data on growth of rabbits. 
RAT 
H. H. Donaldson's "The Rat" (Memoirs of the Wistar Institute of 
Anatomy and Biology No.6) is of course, the classic work on the growth of the 
rat. The original data on growth of the rat by Donaldson, Dunn and Watson, 
(pp. 106-110) and by Stotsenburg (p. 65), (used in the third bulletin of this 
series, Mo. Res. Bulletin 97) are given in the first (1915) edition of this Memoir, 
as also the data by Ferry (p. 112). The second (1924) edition of this Memoir 
gives the data for the stock rats of King (pp. 177, 178) and for the specially 
well fed and cared for rats of Greenman and Duhring (p. 281), also for the 
Norway rat ofKing(p. 343). These later data are used in the sixth and seventh 
bulletins of this series (Research Bulletins 101 and 102). 
Other data on rats used in Research Bulletins 101 and 102:-Inbred 
series and controls, King, 1919; runts and controls, King, 1916; stock rats of 
Hoskins, Hoskins, 1916; rats on a whole wheat and whole milk diet, Calcium 
series, Sherman and McLeod, 1925; phosphorus series, Sherman and Qainn, 
1926. 
The following data (Table 6) on age-changes in food intake of the rat 
were kindly contributed by Dr. Ging H. Wang, Johns Hopkins University. 
The following data (Table 7) on change of f~rtility with age in M>,~s norvegicus 
are quoted here from Dr. Feldman, in connection with the data on twinning 
with age in cattle presented in the Dairy Section of this bulletin. 
Extensive data on growth of the mouse are given by Robertson and 
associates (see bibliography). The following short table (Table 8) on the 
Vitality and Growth of Mus musculus is quoted here in connection with the 
data ori the m~:>rtality of calves presented in the Dairy Section of this bulletin. 
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TABLE I.-GRowTH IN WEIGHT oF MALE GUINEA PIGs (Data by Sewal Wright) 
Age days Number of animals Av. weight, grama 
Birth 770 80 
3 88 
13 135 
23 181 
33 218 Weaning 
53 290 
83 406 
113 509 
143 579 
173 626 
203 668 
233 697 
263 721 
293 740 
323 756 
353 771 
353 477 772 
383 788 
413 797 
443 806 
473 811 
503 816 
533 822 
533 30-! 811 
563 816 
593 822 
623 828 
653 833 
683 832 
713 838 
TABLE 2.-GROWTH IN WEIGHT OF CASTLE's GuiNEA PIGs (Weight in Grams) 
cfl F, cflF• cfl F, 9 F, cflF, ~ F• 
Are- Are- Cutleri Cutleri Cutleri Cut eri 
quipa quipa 
x race x race xB 0 Race '¥ Race xB xB xB 
B B and C B B and C and C and C 
------------------220 240 210 130 130 190 190 150 
335 340 315 190 195 285 165 250 
450 ' 440 420 285 260 370 335 330 
540 510 500 360 340 430 400 385 
650 580 580 440 395 490 450 440 
720 645 645 500 460 540 500 485 
860 750 735 580 540 600 550 520 
970 820 780 670 620 660 590 555 
1040 860 825 710 680 700 630 565 
1100 910 860 750 710 720 670 575 
1150 940 885 790 730 740 690 585 
1200 970 900 800 740 750 700 590 
1210 995 900 800 740 750 700 590 
--
ecutleri 
---
110 
165 
220 
270 
310 
335 
370 
380 
390 
400 
420 
430 
430 
~Cutle1 i 
---
120 
170 
200 
240 
265 
285 
300 
325 
340 
360 
380 
400 
400 
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TABLE 3.-PREN"ATAL GROWTH OF GUINEA PIGs (IBSEN) 
Age from concep-
tion, days _______ 20 25 30 35 40 45 50 55 60 65 
Number embryos __ 17 15 23 16 22 18 17 27 54 138 
Average weight, 
grams .062 .413 1.32 4.12 9.4 20.4 36.3 49.2 62 .5 77. 2 
TABLE 4.-DATA oN BooY GROWTH oF PIGEoNs AND DovEs 
(Riddle) 
Common Pigeon 
Males Females 
Age Body weight Number Age Body weight 
gram a grams 
-----
0.6* 10.6 5 0.6* 10. 1 
1.0 161. 7 0.9 151. 
1.2 228 8 1.4 273 
1.95 303 4 1.9 298 
2.7 330 1 2. 3 285 
3 .I 339 7 2.9 304 
3 . 7 327 4 3.8 337 
4.4 348 3 5.4 321 
5 .4 381 4 6.6 309 
6.3 332 10 8.0 331. 
8.1 342 10 12.1 325 
12 . 1 347 54 18 . 0 343 
18.0 344 12 24.5 364 
24.0 378 11 43.0 348 
42.2 367 8 
--- ---
Rlng Dove 
0.5* 5.6 34 0.5* 5.33 
0.8 59.0 5 0.85 69.4 
1.15 97 . 2 11 1.1 102.0 
1.3 120.0 6 1.76 129.0 
1.7 134. 2 7 2. 5 141 
2,26 144.0 10 3 . 1 147 
3.1 159.0 8 3.64 146 
3.74 151. 8 4.54 145 
4.7 151.0 6 5.6 149 
6. I 153.0 20 6.2 153 
8.06 155.0 55 7.94 154 
11.75 160.0 104 12.0 160 
18.0 165.0 32 18.0 169 
23 .4 17o;o 18 23.2 157 
44 . 1 166.0 29 46 . 1 165 
*This is the age at hatching. 
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66 67 
30 11 
80.4 96.6 
Number 
7 
3 
8 
3 
5 
4 
5 
5 
13 
9 
35 
8 
9 
3 
-
20 
5 
4 
7 
5 
8 
8 
13 
13 
19 
39 
72 
17 
12 
20 
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6 
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10 
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12 
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Polish 
(Av. of 20) 
308 
414. 
549 
779 
973 
1133 
1244 
1284 
1297 
1311 
1328 
1344 
1359 
TABLE 5.-DATA ON GROWTH OF RABBITS* 
(Weights in Grams) 
Himalayan Flemish F,P xH Ft PxF 
(Av. of 5) (Av. of 2) (Av. of 25) (Av. of 27) 
--~- 605 363 377 
422 870 459 478 
574 1172 661 683 
824 1800 1002 1210 
1049 2260 1307 1641 
1240 2630 1580 1988 
1423 2820 1752 2166 
1536 2940 1854 2283 
1659 
----
1898 2388 
1705 
----
1927 2443 
1753 
----
1952 2466 
1800 
----
1962 2485 
1806 3240 1971 2507 
Ft HxF 
(Av. of 16) 
350 
521 
769 
1227 
1802 
2154 
2386 
2553 
2680 
2719 
2752 
2789 
2826 
*Data quoted from W. E. Castle, monograph on "Genetic studies of Rabbits and Rats," Carnegie lnsti-
tute of Washington, Publication No. 320, 1922. 
TABLE 6.-THE CouRsE OF GROWTH IN WEIGHT, ToTAL Fooo INTAKE, AND Fooo-INTAKE IN 
CALORIES PER KILOGRAM BoDY WEIGHT IN ALBINO RATs* 
Males, Average of 17 individuals Females, Average of 29 individuals 
Age days Av. food in- Av. food in-
take in Cal. take in Cal. Av. body wt. Av. daily food per kg. of Av. body wt. Av. daily food per kg. of 
gms. int,ake gms. body wt. gms. intake gms. body wt. 
20-30 
--- --
---
34 5 581 3()-40 78 8 484 69 8 545 
40-50 129 12 425 106 ll 438 5<H>O 170 14 332 130 12 370 60-70 214 16 312 140 13 317 
70-80 241 14 257 148 13 336 
80-90 254 14 233 160 13 317 90-ioo 259 14 229 166 14 322 
100-1!'0 258 15 211 181 14 291 110-120 275 15 214 186 13 217 
120-130 2S6 15 218 199 14 261 130-140 302 15 198 190 14 268 
140-150 299 13 178 199 14 258 150-160 304 16 197 208 14 256 
160-170 
--- --- ---
208 14 263 
*The above numerical data were k?ndly contributed by Doctor Ging H. Wang. 
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TABLE 7.-THE CHANGE OF FERTILITY WITH AGE IN Mus NORUEGICUS* 
Gestation Per cent Body weights 
Age of mother period Av. size still born 
Days Days of litter rats Age Females gm. Males gm. 
9Q-119 25.2 5.60 11.0 30 38.0 39.~ 
12Q-149 29 . 5 6.13 6.0 so 76.2 82.2 
15Q-179 30.0 6.27 7.6 70 106.1 149.7 
18Q-209 29.8 5. 73 9.5 90 129.7 168 .0 
21Q-239 28.3 5.40 9.2 120 174.2 221.8 
24Q-269 29.4 5 .85 8.0 150 183 .9 228.1 
27Q-299 30.2 5.58 7.7 180 201.6 250.6 
300-329 30.6 4.97 13.1 210 197.6 257.6 
33Q-359 30.4 5.28 9.7 240 200 . 1 265.~ 
All Ages 29.0 5.80 8.7 270 202.4 254.7 
------- ---- ---- ----
300 197.4 283.3 
------- ---- ---- ----
330 229.0 266.0 
*Theoe data which are quoted from Horace W. Feldman, Proc. National Acad. Sciences, 1925, XI, 718, 
are baaed on 1«5 matings resulting in 1740 litters consisting of 10,104 young. The size of the litter is seen to 
increaoe with the weight of the body. 
TABLE 8.-DATA ON VITALITY AND GROWTH OF Mus Musculus* 
Age No. of Per cent Average 
Dayo individuals Deaths Deaths weight gmo. 
1 (birth) 678 0 0.0 1.36 
3 674 10 1.4 1.80 
5 671 4 o.s 2.45 
7 656 6 0.8 3.21 
9 627 16 2.4 3.94 
11 611 11 1.7 4.55 
13 579 16 2.6 5.12 
IS 552 24 4 . 1 5.56 
17 511 34 6.1 5.90 
19 496 15 2.9 6.37 
21 471 4 0.8 6 .89 
*Theae data which are quoted from W. H. Gates, Anat. Record, 1924-25, xxix, 
183, are baaed on 106 litters consiating of 700 mice. 
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Optimal Growth, and "Normal" Growth 
(A) THE ALBINO RAT 
A. G. HoGAN 
During the course of some recent nutrition studies at the Missouri Sta-
tion it seemed advisable to determine whether or not the diets in use could 
be improved in any respect. Among the changes tried was an increase in the 
quantity of dried yeast (vitamin B), and the data now available indicate 
that this increase accelerated markedly the rate of growth. The original 
interest in this experiment was in the ability of the female rats to adequatdy 
nurse their young, so each group of animals contained three females and one 
male. All of these animals made unusually rapid growth, but there are 
presented here only the data for the three females that did not become preg-
nant, and for the four males (See Table 1 and Figs. la and lb.) 
There is a large variety of "normal" growth curves from which to select, 
but the author has chosen as a standard some of the published data 1 of Donald-
son. All the animals in the Missouri experiment have exceeded their average 
growth rate, in fact the slowest growing animals have exceeded their maximum. 
It is difficult to say just how significant such differences are, for the reason 
that different strains undoubtedly vary not only in the rate of growth, but 
also in the mature size it is possible for them to attain. All that can be said on 
this point is that the stock was obtained from Dr. A. Gulick of this institution, 
who states that his stock was originally obtained from the Wistar Institute. 
We are unable to say whether or not the rate of growth could be furthet in-
creased, merely by improvements in the dietary. 
Osborne and MendeJ2 have published data which indicate a more rapid 
rate of growth than obtained here. In Table 1 of the publication cited, the 
shortest time given as required to grow from 60 to 200 grams is 24 days, and 
the longest is 28 days. The age of another animal, No. 3218, is given as 32 days 
at 60 grams. If the rats of Table 1 had the same weight at 32 days, they would 
have been from 56 to 60 days of age at 200 grams. We have estimated that our 
animals would average about 200 grams at 60 days. However, if we again 
assume that their animals were 32 days of age when they weighed 60 grams, 
most of them would have been not far from 80 days old when they weighed 300 
grams. We have no information as to whether the difference is due either to 
genetic, or to nutritional factors, but none of our animals has attained such a 
weight at that age. 
The composition of one of the rations we used was: Casein 20, Starch 50, 
Lard 7, Cod Liver Oil 5, Wheat Germ Oil 3, Yeast 9, Salts 4, and Cellulose 2. 
1Donaldoon, Dunn, and Watson, 1906, from Donaldson, H. H., The Rat. Philadelphia, 1st Edition, 1915, 
pp.l06-110. Greenman and Duhring, 1923, Donaldson, The Rat. Philadelphia, 2d Edition, 1924, p. 281. 
•Osborne, T. B., and Mendel, L. B.,]. Bioi. Chem., 1926, bix, 661. 
-~ -
~ -
~-
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Each of the four groups mentioned receive a different ration, but as they all 
promoted growth with equal effectiveness it seemed unnecessary to report the 
others. 
(B) THE WHITE LEGHORN CIDCK 
A. G. HOGAN AND J. E. HuNTER 
Recently at this Station an attempt has been made to define more clearly 
the nutritional requirements of the chick for normal growth. In successive 
trials the unusual variability of this species has been noted. For that reason 
it seemed advisable to secure a control ration that would insure optimal nu-
trition, and after some preliminary trials there was chosen a ration that 
exceeded the expectations of the investigators. The mortality on this ration is 
quite low, and what is still more important, the rate of growth much exceeds 
any previously observed here. The data of Missouri longest trial are presented 
in Table 2 and graphically in Fig. 2. 
It would be desirable to have more individuals, but trials now under way 
indicate that the graphs would not be much altered if drawn from larger 
-numbers. At the time this copy was prepared another group of 22 individuals 
at 8 weeks was about 3 days behind the first lot. 
It appears certain that the rapid gains recorded are not due to genetic 
factors. Both groups just described were secuted from a commercial hatchery, 
and it occurred to the authors that the chicks may have belonged to an un-
usually large strain. Therefore another small group of seven was secured from 
the University poultry flock, and at 4 weeks of age they were growing at 
practically the same rate as those shown in the graph. The males were growing 
a little less, the females a little more rapidly. 
As a control we have chosen data published by Buckner, Wilkins, and 
Kastle,! designated by them as Lot 2. From the description it is inferred that 
their chicks were reared under the most favorable conditions they could 
provide, in any event the growth rate of these chicks is the most rapid hitherto 
published that has as yet come to our attention. Our chicks were grown under 
strictly laboratory conditions, which means they were confined to small 
pens indoors as long as they were under observation. The ration here used is a 
modification of one described by Slonaker2, and has the following composition 
as calculated in parts per 100. 
Whole wheat_ ________________ _ 55.7 Dried Alfalfa leaves _________ 2.5 
Crude casein __________________ 12.3 Cod liver oiL _____________ 3.0 
Dried yeast ___________________ 12.0 Sodium chloride ____________ 0.8 
Dried whole milk ________________ 8.3 Calcium carbonate __________ 1.2 
Milk fat _____________________________ _4.2 
1Buckner, G. D., Wilkins, R. H., and Kastle, J. H., Amer. Jour. Physiol., 1918, xlvii, 393 . 
•Slonaker, J. R., Amer. Jour. Physiol. 1925, lxxi, 362. 
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The twa figures shown above are i:<>mparisons of Missouri data with the 
atandards of Donaldson and of Greenman . · 
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TABLE I.-WEIGHTS oF RATs SHOWN IN FIGs. la AND lb 
Animal 
Animal Number Animal Number Number 
Age in Age in Age in 
days 848cfl 852 cfl 846~ days 844cfl 841 <.;? 843 <.;? days 840cfl 
-
gmJ. gnu. gms. gms. gm!. gms. gms. gms. gms. 
28 58 55 53 30 55 53 54 33 69 
35 100 87 85 37 92 90 90 40 105 
42 142 117 118 44 129 120 120 47 150 
49 182 152 142 51 157 151 145 54 188 
56 207 183 151 58 183 171 164 61 215 
63 230 207 171 65 201 189 181 68 229 
70 243 228 177 72 208 198 195 75 254 
77 262 243 185 79 210 206 202 82 269 
84 265 253 185 86 225 214 213 89 275 
91 266 268 175 93 24a 213 207 96 276 
98 290 280 193 100 255 223 218 103 285 
105 290 292 192 107 256 224 224 110 295 
112 290 292 202 114 262 228 218 117 298 
119 288 305 205 121 275 230 218 124 305 
126 290 320 205 128 282 235 222 131 315 
133 302 317 205 135 280 232 225 138 312 
140 325 327 204 142 272 220 222 145 315 
147 330 
---
207 149 290 232 228 152 313 
154 335 
---
205 156 292 225 
---
159 315 
161 338 
---
213 163 300 238 
---
166 312 
168 345 
--- ---
160 298 238 
---
173 315 
175 353 
--- ---
177 300 242 
--- ---
---
182 350 
--- ---
184 300 245 
--- --- ---
--- --- --- ---
191 
----
242 
--- --- ---
--- --- ---
---
198 
---
250 
--- ---
---
--- ---
--- ---
205 
---
250 
--- --- ---
--- --- --- ---
212 
---
260 
--- --- ---
--- --- --- ---
219 
---
255 
--- ---
---
--- --- ---
---
226 
---
255 
--- --- ---
--- ---
--- ---
233 
---
262 
---
--- ---
--- --- ---
---
240 
---
268 
--- --- ---
TABLE 2.-WEIGHTS OF CHICKS SHOWN IN FIG. 2 
~ Chick Number 
Age in Weeks 517 cfl 518cfl 515<.;1 519<.;1 
Hatching 35 37 37 37 
1 68 85 72 82 
2 115 148 110 115 
3 170 218 150 155 
4 233 310 170 205 
5 310 410 250 270 
6 435 565 350 375 
7 535 700 445 455 
8 690 860 559 567 
9 840 1015 650 650 
10 1015 1130 755 770 
11 ll50 1265 840 860 
12 ; 1265 1365 925 895 
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A comparison of the Missouri data with the normals of Buckner, Wilkins and Castle . 
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Appendix 
SAMUEL BRODY 
THE RELATION BETWEEN THE METRIC AND ENGLISH UNITS 
On account of its simplicity and practical convenience, the metric system 
of weights and measures is steadily, if not rapidly, replacing all other systems." 
There is no doubt that the metric system will become the universal system in 
the near future. However, in a democracy it will not do to force any system 
no matter how good, before the people are willing and ready to receive it. 
For these reasons the Growth Committee has decided on the following com-
promise. The weights of the large farm animals are presented in terms of the 
common system (pounds), but the lineal measures are presented in terms 
of the metric system (centimeters). The weights of small farm animals and 
laboratory animals are presented in terms of the metric system exclusively. 
The following conversion factors, and charts (Figs. 1 and 2) will be con-
venient to the reader not familiar with one or the other system. It may be 
permissible to note that the charts (Figs. 1 and 2) presented in this section 
are "original"; that is, the writer is not aware of the existence of just such 
charts elsewhere. 
Centimeter = .3937 inch = .032808 foot. 
Square centimeter = .1555 sq. inch. 
Cubic centimeter = .061 cu. inch. 
Foot = 12 inches = 30.48 centimeters. 
Square foot = 144 sq. inches = 929.03 sq. centimeters. 
Cubic foot = 1728 cu. inches = 28.316liters. 
Gallon (U. S. liquid) = .8327 British gallon = 8 pints = 4 quarts = 
231 cu. inches = .13368 cu. foot = 3.785 liters = 3785 cu. 
centimeters. 
Gram = .001 kilogram = .03527 av. ounce = .0022046 av. pounds. 
Hundredweight (short) = 100 av. pounds = 45.36 kilograms. 
Inch = 2.54 centimeters. 
Sq. inch = 6.4516 Sq. centimeters. 
Cu. inch = 16.387 cu. centimeters = .01639 liter. 
Kilogram = 1000 grams = 35.274 av. ounces = 2.2046 av. pounds. 
Liter = 1000 cu em. = 61.025 cu. inches = 1.0567 quarts (U. S.liquid) = 
2.113 pints (U. S. liquid) = .26418 gal. (U. S. liquid). 
Meter = 100 centimeters = 1000 millimeters = 39.37 inches (U. S.) = 
3.2808 feet (U. S.). 
Sq. meter = 10,000 sq. centimeters = 1550 sq. inches = 10.76 sq. feet 
(U.S.). 
Cu. meters = 1000 liters. 
Ounce (av.) = 28.3495 grams. 
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Kgs. 
LOs 
Fig. 1.-An equivalence ch>.rt for kilograms (or grams) and pounds. Acknowledgment is made to 
H. H. Kibler, formerly a student auiatant, for asoistance in the preparation of the two charta. 
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Fig. 2.-An equivalence chart for centimeters and inches. 
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Pint (U. S.) = .473 liter = .125 gallon. 
Pound (av.) = 16 av. ounces = 453.59 grams = .45359 kilograms. 
Quart (liquid U. S.) = .946 liter = .25 gallon. 
. . Centigrade0 x 9 Temperature ·m Fahrenhe1t0 = + 32 
5 
C . d 0 (Fahrenheit0 - 32) x 5 enttgra e = -'-----9---'---
BIO-THERMODYNAMIC EQUIVALENTS 
The average calorific values of nutrients in a bomb calorimeter are 
Fats __ _____________ _ 9.5 calories per gram 
Proteins ___________ _ 5.7 calories per gram 
Carbohydrates _____ _4.1 calories per gram 
The physiological calorific values of nutrients are, in round numbers 
Fat_ __ ---------- ___ 9.0 calories per gram 
Proteins ___ ______ ___ 4.0 calories per gram 
Carbohydrates __ ____ 4.0 calories per gram 
The approximate numbers for physiological fuel values are obtained by 
subtracting from the heats of combustion in the calorimeter, the approximate 
losses in digestion (roughly, 5% of the fat, 8% of the protein, and 2% 
of the carbohydrates are lost in digestion-but there are great differences 
depending on the sources of the nutrients and on the animal under considera-
tion) and the heat of combustion of end products of proteins (about 1.3 
calories per gram of protein katabolized in the pody). 
On account of the importance of milk as a food for rapidly growing ani-
mals, its calorific value is of particular interest to us. Abderhalden and Ham-
mersten give the following calorific values of milk constituents as determined 
with a bomb calorimeter. 
Butterfat_ __________ 9.23 calories per gram 
Protein ____ _________ 5.71 calories per gram 
Lactose _____________ 3.95 calories per gram 
(A molecule oflactose crystallizes with one molecule of water.) 
The range in calorific value (complete combustion) of one quart (.9464 
liters) of cows' milk is from 500 to 1100 calories depending on its composition, 
particularly on its fat content. The protein rises with the fat but to a lesser 
extent. The sugar, on the other hand, tends to fluctuate about a mean (about 
5%) regardless of the increase or decrease in fat and protein. In Fig. 3 we 
have plotted the composition of milk with respect to its protein and fat 
corresponding calorific values as given by Overman and Sanman, 1926. 
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The above calorific values of food constituents will be convenient for 
estimating the energy cost of growth from age changes in food consumption. 
In one section of this bulletin data are presented (by Dr. Mitchell and 
associates) on age changes in oxygen consumption. In other bulletins of this 
series age changes in carbon dioxide production are given. The following 
chart (Fig. 4), which we have prepared on the basis of data cited in the text 
books ofLusk and of Sherman, will enable one to translate the carbon dioxide, 
or oxygen values for given respiratory quotients, into calorific values. This 
chart will also enable one to estimate, roughly at least, the relative proportions 
of fat and carbohydrates oxidized in the body for given values of the respira-
tory quotient. 
NATURAL LOGARITHMS OF NUMBERS AND EXPONENTIALS 
In the following bulletins of this series we shall have occasion to use natur-
al logarithms (i.e. logarithms to the base e) and exponentials (i.e. eu and e-u). 
The following chart (Fig. 5) may be useful in connection with that work. 
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Fig. 3.-The calorific value of milk (plotted from data by Overman nnd Son-
man, 1926). 
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Fig. 4.-The relation between heat production, carbon dioxide production, and oxygen 
consumption for various values of the respiratory quotient. The relative proportions of fat 
and carbohydrates oxidized may also be estimated for different values of the respiratory quo-
tient. 
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Bibliography 
SAMUEL BRODY 
The following list of references represents the titles which have accumu-
lated in the writer's file on "Normal Growth and Development" during the 
past five years. Many of the papers have been read; most of the titles have 
been merely copied from the abstract literature. No pretense is made to 
completeness. Indeed, with very few exceptions the titles relating to the 
effect of nutrition on growth have been omitted. The aim has been to include 
only such titles as contain quantitative data on growth under "normal" con-
ditions. 
While this bulletin is primarily concerned with growth of farm animals, 
we have not hesitated to include titles on the growth of man, plants, and 
populations. From a biological point of view there is no sharp dividing line 
between growth of animals, man, plants, and populations. The physical 
basis is the same in all cases, and although we are confining ourselves to the 
investigation of farm animals, it seems advantageous to keep in mind the 
phenomenon of growth as a whole. Besides, the general methods employed 
in investigating one type of growth may be adapted with good results to the 
investigation of other types of growth. 
The phrase, "growth and development" is here used in a broad sense, to 
include all quantitative age changes and in some cases to include quantitative 
time changes not ordinarily considered under the heading ·of growth; for 
example, time changes in the rate of milk secretion with the advance of the 
period of lactation. 
Students of growth interested in special fields, will of course consult the 
special bibliographies. Thus workers interested in the growth of the rat will 
find the bibliography in Donaldson's monograph on "The Rat" the most 
complete on the subject; students of growth of man will find Baldwin's 
bibliographies (1914 and 1921) very complete. The bibliography in Robert-
son's monograph (1923) will be helpful to those interested in physico-chemical 
theories of growth. Students of plant growth will find the reviews· of Van de 
Sande-Bakhuyzen and Alsberg (1927), and of H. S. Reed (1927), helpful. 
Pearl's monograph (1922, 1924, 1925) will be found to be of special value to 
statistically and philosophically minded students of growth and development, 
particularly to students of growth of populations. The student of evolutionary 
development, considered from the physico-chemical point of view (equilibrium 
and energetics), will find in Lotka's monograph (1925) not only interesting 
references but also uniquely original ideas. The student of energy exchange 
during growth will, of course, consult Lusk's text book, the papers by Benedict 
and his co-workers of the Nutrition Laboratory, Carnegie Institution, and the 
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monograph by DuBois (1927). The relation of nutrition to growth is con-
sidered in detail in the standard text books on the subject (Lusk, Matthews, 
McCollum, Robertson, Sherman, and others). 
The following three monographs containing rather full bibliographies 
have come to the writer's attention after this introduction had been written: 
E. Faure-Fremiet: La Cinetique du Developpement Multiplication Cellulaire et 
Croissance, concerned with the general phenomenon of growth. The growth of 
man is not considered; E. Schlesinger, Das Wachstum des Kindes; and Bose 
und Czerny (editors), Grose undGewicht des Schulkinder und andere Grundlagen 
fur die Ernahrungsjursorge. The last reference contains a wealth of data on 
growth of children during the war period. It may thus serve as an excellent 
source book for the study of the effect of under-nutrition on growth of children. 
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